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Introduction 


This study guide has been written to supplement the GD&T: Application and Interpretation textbook. 
The review questions and application problems contained in this study guide can be completed on the 
basis of the information provided by the textbook. Other textbooks may be used, but it is unlikely that 
any other textbook will provide all the information necessary to answer all the questions or work all the 
application problems. 

The textbook and this study guide used together to provide the information and practice necessary 
to gain a strong working knowledge of dimensioning and tolerancing practices. 

A majority of the material in the textbook and the study guide requires an understanding of only 
basic mathematics. Some of the material requires simple algebra operations, such as solving for one 
unknown value when two known values are provided. Knowledge of print reading or basic drafting 
techniques will be helpful in understanding the illustrations and completing application problems. 

To get the maximum benefit from the textbook and study guide materials, the following study 
methods are recommended. 


1. Read the objectives at the beginning of each chapter of the study guide prior to reading the 
corresponding chapter in the textbook. 


2. As you read the textbook chapter, make a list of questions regarding information that is not 
understood. 


Que, 


Complete the review questions and application problems after reading the textbook material. 


4. Cross off the questions from step 2 and 3 as answers are provided during a classroom presentation. 
Ask the instructor to provide answers if the presentation does not provide all the answers to your 
questions. 


5. Correct the answers to your review questions and application problems on the basis of classroom 
reviews. The corrected materials will be useful for studying for exams. 


The objectives at the beginning of each chapter in this study guide define what you should be able to 
do after studying the textbook, completing outside study activities, attending classroom lectures, and 
completing study guide review questions and application problems. The level of achievement will depend 
to a great extent on the amount of time devoted to studying the textbook and study guide materials. Full 
mastery of dimensioning and tolerancing methods requires studying the fundamentals, then applying 
them to real industrial applications. 

Individuals who put forth the effort to become proficient in dimensioning and tolerancing methods 
and use that ability to maximize clarity of product design requirements and provide maximum 
permissible tolerances will be rewarded with the satisfaction of knowing that they are producing the 
best possible results. 


Bruce A. Wilson 


Copyright Goodheart-Willcox Co., Inc. 
May not be reproduced or posted to a publicly accessible website. 


Table of Contents 


Chapter 1 

introduction to Dimensioning and Tolerancing...........2-2++22e00: 5 
Chapter 2 s 
Dimensioning and Tolerancing Symbology .....ssssssssnsssrererene 9 
Chapter 3 

General Dimensioning Requirements ........sessseserenerenerenou 17 
Chapter 4 

Dimension Application and Limits of Size..... EEE E E E a 31 
Chapter 5 

FOM FOETA CES anes aA wolves a> AET EE EE A ee 45 
Chapter 6 

Datums and Datum Feature References ...........000c cee eee eens 61 
Chapter 7 a 
EMAON IGIGTANGES,. ccc is oe wn a's cb aw oak abe le Se eee 81 
Chapter 8 

Position Tolerancing Fundamentals ............ 0000 cence eee eee 93 
Chapter 9 

Position Tolerancing—Expanded Principles, Symmetry, 

BNO IGONGEINNOLY c <a. <8 See ee ha ah Ca ce BR ern cake a ee 107 
Chapter 10 

PENO e hs. RGR A we Ga rR I GT rw PAOLA A aed Reon ge A OA 123 
Chapter 11 

RG aae a8 Sk om a. Coren SU a he ene ae Se DERRER 131 
Chapter 12 

Practical Applications and Calculation Methods .................. 141 
: Copyright Goodheart-Willcox Co., Inc. 


May not be reproduced or posted to a publicly accessible website. 


© Introduction to 
Dimensioning and 
Tolerancing 


Date | Class 


Reading 


Read Chapter 1 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 

v Explain the importance of accurately specifying dimensions and tolerances. 

v Recall the history and development of dimensioning and tolerancing methods. 

y Explain how teamwork can result in better definition of the dimensions and tolerances shown on a 
drawing or in a computer-aided design (CAD) file. 

Y Recall the job titles of those who should be on the design process team. 

Y Recall the dimensioning and tolerancing skills needed for success in design- or production-related 
occupations. 

wv Analyze some possible industrial changes and the impacts of these changes on dimensioning and 
tolerancing. 

v Understand how views are created using orthographic projection. 


Review Exercises 


Place your answers in the spaces provided. Show all calculations for problems that require 
mathematical solutions. 


Multiple Choice 
/ Vig EK 1. The wavelength of a specific color of light is used in determining the 

length of one ___. 
A. foot 
E yard 
C.) meter 
D. kilometer 
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2 


A(n) = is responsible for dimensioning a part in such a way that the 
functional needs are met and the part is producible. 


(AD designer i 


B. inspector 
C. production planner 
D. machinist 


Tolerance values should be `> 

A. assigned to meet the desires of manufacturing 

B. assigned on the basis of what worked on prior designs 

C. selected from a table in ASME Y14.5 Ty 


( D) calculated to ensure proper function of the design with 
consideration given to manufacturing capabilities 


The system may be used for accurate measurements. 
3 metric 

inch 
3 Both A and B. 


The preferred metric value for dimensions on a mechanical drawing is 


AD millimeters 
B. centimeters 
C. meters 
D. kilometers 


A machinist might be able to help a designer by telling him or heri — 
A. the size tool needed to produce a particular feature a% 
B. the tolerance that is achievable 


about machine capability 
All of the above. 


One method of reducing the number of unnecessarily small tolerances is 
to____ tolerances. 
double the value of all assumed 


( B) calculate all 


C. remove 
D. None of the above. 


Part requirements ___if dimensions and tolerances are in compliance 
with the standard. 

A. are confusing 

B. are poorly defined 

Ca become difficult to meet 

D/ have well-defined meanings 


The application of on a drawing defines the amount of acceptable 
variation on a dimensioned feature. 
A. dimensions 
notes 
Q tolerances 


D. None of the above. 
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Chapter 1 introduction to Dimensioning and Tolerancing T 


Name ( JN RE A 


True/False 


be in inches. 


pee 
es) a 10. Trueo Fal% The current standard specifies that all measurements must 
= 


Pa. 


11. True or False? The designer should work independent of others to achieve 


pr an optimum design. 
DE 
12, drug or False? The symbol for inches must be applied to all values less 
"e than one inch. 
| 13 fru False? Disagreement about drawing requirements can occur when 
Bee nstandard dimensioning methods are used. 
140 Truce or False? Interpretation of a drawing is the ability to determine 
part requirements from what is shown when the drawing complies 
with standards. 
_——— 


an 15 True or False? A projection symbol should be included on orthographic 
! drawings to indicate whether the views are created using first or third 
angle projection. 


Fill in the Blank 


L g Ai 16. A(n) is an ancient unit of measurement based on the distance 


across a finger. 


may be used to establish or show relationships between features in 
adjacent orthographic views. 


Short Answer 


18. i is it aoe, to have an accurate distance standard? 


ve ene adaâids Mt Accwidlbe dowe Saad Maure 
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21. Why is it important for an inspector to correctly interpret the dimensions on a drawing? 
29 Vevy Up darStoa 
at f J j C 
22. When is it necessary to know the requirements of a previous issue of the ASME Y14.5 dimensioning 
and tolerancing standard? 
WW one is Wot iy uw woy Tak aR Oleartc 
—f. 
A ` pig : A 
( f MOLA f AA (o RE DAAD e 
d - 7 . \ | ~ 4 j > 
23. 


What has made it possible for all paper drawings to be eliminated from a factory? 


3 / m /\) O (4 LAY JA ii > lJ z 


er 


; \ 
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Chapter 2 | 
Dimensioning and 
Tolerancing Symbology 


\ j y \t A K cp \ 
Name V'YY*XV) OO ë Date Class 


Reading 


Read Chapter 2 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 

Y Identify and draw general dimensioning symbols and show their general applications. 

Identify and draw tolerancing symbols and show their general applications. 

Complete a feature control frame using the correct order of segments in the frame. 

Identify basic dimensions and define means for indicating a basic dimension on a drawing or ina 
design model. 


qd< 


Review Exercises 


Place your answers in the spaces provided. Accurately complete any required sketches. Show all 
calculations for problems that require mathematical solutions. 


Multiple Choice 


\ } 1. Avalue shown is a reference value. 


A. in brackets 

B. underlined 

© with an arc above it 
mà in parentheses 


ia 2. The origin symbol is___. 
A. applied to one end of all dimensions 
B. applied to both ends of some dimensions 
C. applied in place of one arrowhead 
D. never used 
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BF 


True/False 


— 


. Fegture control frames ; 
‘A/ havea required format 


X 9, 
\ + O, 


1e 


12: 


In CAD models and on drawings, ___ are being replaced by symbols. 
(A) abbreviations 

B. nonstandard symbols 

C. notes 

D. None of the above. 


Symbols in a CAD system are generally __ to save time when 
dimensioning. 

A.) made part of a font or library of symbols 

B~ drawn to approximate dimensions 

C. omitted 

D. None of the above. 


Present practice requires the radius symbol be the dimension value. 


placed after 
‘es placed in front of 
‘ larger than the characters in 


D. smaller than the characters in 


The ____ tolerances are straightness, circularity, flatness, and cylindricity. 
A. position 
B. orientation 
Œ. } form 
D. runout 


may be formatted by personal preference 
C. vary between companies 
D. None of the above. 


Angularity is a type of tolerance. 


. form 
B orientation 


C. position 
D. profile 


True or False? The preferred method to show a depth specification is to 
use an abbreviation for depth. 


True or False? Ambiguous tolerance specifications can be the result of 
using nonstandard symbols. 


True or False? The abbreviation CBORE and the symbol for counterbore 
may be used on the same drawing. 


True or(False? The current standard requires that datum feature references 
in a feature control frame be located between the tolerance symbol and 
the tolerance value. 
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Chapter 2 Dimensioning and Tolerancing Symbology 11 


0° La 
` \\ \ A 1 
= 


Fill in the Blank 


Short Answer 


ils 


14 


lee 


16. 


17. ¢ 


18. 


19. 
20. 


2il 


a2: 


23. 


24. 


25. 


Pa 


True or\False?)A diameter symbol is placed in front of the tolerance value 
in all feature control frames. 


G rue o} False? A datum feature symbol, in an orthographic view, may be 


applied on either side of an extension line without affecting the meaning 
of the symbol. 


True of alse? Symbols are required to be sized proportional to the feature 
to which the symbols are applied. 


WN 
True, r False? Tolerance symbols are generally shaped to give an indication 
of the required control. 


= 
ruepr False? Abbreviations and words are typically used in notes lists, 
but symbols may be used in notes. 


True of False PAI feature control frames must show a material condition 
modifier following the tolerance value. 


Using symbols the number of words that are placed on a drawing. 
There are 5 different form tolerance symbols. 


Feature control frames specify tolerances to be applied to 
features of size. 


or 


Any tolerance applied to a thread and shown in a feature control frame 
is assumed to apply to the diameter of the thread unless indicated 
otherwise. 


A(n) may be used to indicate that all dimensions are basic. 


A(n) dimension can be indicated by drawing a rectangle around 
the dimension value. 


The abbreviation for regardless of feature size is 


26. The letter X may be used as a symbol. What are the two possible uses of the symbol X? 


u. 


i 
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— AAN LY LAVAN A RET 
ON f Oia 1 CN 


Z 


‘tay 


12 


7 


28. 


29) 


30. 


öil 


32: 


33. 
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Explain how each of the meanings for the symbol X is indicated. 


) 
+ 


7 


E> 


ias Era U 
LS, A N 


— 


How is the symbol size determined for a drawing? 


Cre ve = A 


Al re AN 


v 


NANEN. 


\ AG 


If a drawing is being produced by hand, what is one method of ensuring that symbols are quickly 
drawn and correctly sized? 


List the two types of profile tolerance symbols. The names of the symbols must be given. 


| E p 


Aai 


Describe the total runout symbol. 


LF 


Pins 


ANA i 
ANNA 
I 


n 


fa [N 
Aa: 


What is the order in which datums are referenced? 


i? 
Ve 
Yay yt 


i 
f ; 
s . 4 ` . 


List the three datum target types. 


ing 


r 


‘\ O\ Ak \ 


ASEEN 
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ifs 4 
Name MUREN 


Application Problems 


All application problems are to be completed using correct dimensioning techniques. Show any 
required calculations. 


34. Show the diameter symbol in the correct location on each of the diameter dimensions. 


eee 
ES $ 


2x g. 188 


35. Properly show the radius symbol on each of the radius dimensions. 


Gees 
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36. Show the spherical diameter symbol on the given dimension. 


y e 


37. Use symbols to complete the hole and counterbore specification. Correctly position the specification 


near the leader. 


| | 250 DIA HOLE 
431 DIA COUNTERBORE 
i le 31 DEEP 
| | 03 CORNER RADIUS 


38. Use symbols to complete the hole and countersink specification. Correctly position the specification 
near the leader. 


2 HOLES 

.313 DIAMETER HOLES 
.562 DIA COUNTERSINK 
82° COUNTERSINK 
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aN 
Name Ie E> 


© 39. Label each compartment of the feature control frame. 


2 WJI) 


IEA jj 
ARA 
40. Identify each of the given symbols. 
p Ll iak woe eee —" | 
Ge <7 COMM Sia © LO eee < 
DB Y M. a i 
E. N. a 
DEE o Ww 
G — P © | 
i 
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NOTES 
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K General Dimensioning 
Requirements 


Name _ Z" A~n Date Class _ 
Reading 

Read Chapter 3 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 
Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 

& will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 
v Apply general dimensioning methods using the correct line types, lettering sizes, and arrowhead form. 
v Describe and apply general dimensioning systems including chain, baseline, rectangular coordinate, 

and polar coordinate dimensions. 

y Utilize preferred dimension placement to provide clear part requirements specification. 
v Apply general and specific notes on a drawing. 
v Cite the general categories of fit between mating parts. 


Review Exercises 


Place your answers in the spaces provided. Show all calculations for problems that require 
mathematical solutions. 


Multiple Choice 


Be 1. Extension lines begin approximately ____ from the dimensioned feature 
to provide a visible gap. 
pA. 015” 
Œ) .062” 
m 125° 
D. .188” 
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2. Extension lines extend approximately ____ past the last dimension line. 
A. .020” 
B> .062” 
Colo 
DBS 


3. Extension lines may be broken where they cross ____. 
A) other extension lines 
B. object lines 
C. hidden lines 
D. arrowheads 


4. The recommended minimum distance between adjacent dimensions 


is ; 
A a12 
(B) 24" 
Cook” 
D. 44” 

5 dimensions have all values written horizontally. 


( A Aligned 
B- Unidirectional 
C. Metric 
D. Inch 


6. A zero is placed in front of values less than 1.00 when using ___. 
A. aligned dimensions 
B. unidirectional dimensions 
©. metric values 
D.| inch values 


7. Tolerance ______ can be affected by whether chain or baseline dimensions 
ae applied to a part. 
(A. | interpretation 
B/ accumulation 
C. values 
D. None of the above. 


8. Tabulated dimensions can be used to specify ____ 
A. location 
B. size 
-G tolerances 
(\b) AIl of the above. 


9. Typically, a dimension line is perpendicular to a(n) ___line. 
A. object 
CB extension 
€ hidden 
D. leader 
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10. Adjacent dimension values are normally ___ to make them easier 
to read. 
A. offset 
B. lined up 
C. avoided 
D) -None of the above. 


11. A(n) view sometimes requires that one end of a dimension apply to 
a hidden feature. 
A. profile 
auxiliary 
\C) full section 
D. half section 


12. dimensioning is applying dimensions in such a manner as to 
result in more than one means of defining the dimension and tolerance 
on a feature. 


A. Double 
B. Duplicate 
C. Ordinate 


D. Third angle 


13. A dimension value placed 
A. between quotation marks 


s inside a rectangle 
. | between parentheses 


. between brackets 


indicates the value is for reference only. 


14. When the maximum shaft size is equal to the minimum hole size, the 
mating parts have a zero____ 
A. transition 
. material condition 
tolerance 
D~ allowance 


os 
15. Truejor False? Size dimensions define the location of features. 


ee 


lo. Tie o ade The unidirectional dimensioning system usually requires 
more sp or vertical dimensions than does the aligned dimensioning 


system. 


17. True or Fulse? Regardless of the drawing scale, the drawing must show 
the dimension values to be produced. 


18. True or False? Visualizing the geometric shapes in a part can help 
determine what dimensions are needed. 


19. True or False? The view in which a feature is dimensioned may be selected 
at random’ 


Copyright Goodheart-Willcox Co., Inc. l 
May not be reproduced or posted to a publicly accessible website. 


20 
20, 
| 21 

| 22, 
i 23. 

| 

a a 

f 

f 24. 


Fill in the Blank 


A 


pals 31. 


32 


29 


COTO | 34. 


Short Answer 


25; 


Pape 


28. 


29, 


30. 
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` Trué or False? Dimensioning between views is a good practice that makes 


it easier to relate dimensions to two views. 


True ot False? Dimensions to hidden features are common since many 
holes are shown with hidden lines. 


>. 


le , F : , 
Gn Jor False? When possible, all dimensions should be placed on a view 
in which the dimensioned features are seen in true size. 


l = . . . . 
rue or False? General notes provide information that applies to the 
entire drawing. 


Ton Notes must be shown on the drawing sheets that contain 


the.views of the part. 


A leader line has an arrowhead on end. 


The recommended minimum distance from an object to the first 
dimension line is 


Notes are connected to features using a 


The recommended length-to-width ratio for an arrowhead is 


The dimensioning system has values aligned with the dimension 
lines. 
Rectangular coordinate dimensioning without dimension lines places 


dimension values at the ends of lines. 


Polar dimensions include a distance and 


A(n) used to replace one of the arrowheads on a dimension line 
indicates the origin for the dimension. 
A(n) dimension can be indicated by drawing a rectangle around 


the number. 


A feature frame contains a tolerance that is attached to a feature. 


35. When may a leader line be broken? 


1 
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38% 


39! 


40. 


41. 


Chapter 3 General Dimensioning Requirements 21 


List two of the possible arrangements for arrowheads and dimension values in relationship to the 
extension lines. 


Describe an advantage of using unidirectional dimensioning over aligned dimensioning in 
orthographic views. 


/ Ded diem A? Fe 7 č M ATE 


When is it necessary to show the unit of measurement for a dimension? 


l a ri A 
Aay y / | nbd Mee ds 


Z 


Why are larger dimensions typically placed outside smaller dimensions? 


WINS O 


Application Problems 


All application problems are to be completed using correct dimensioning techniques. Show any 


required calculations. 


42. 


Show the symbol for each of the following: 


/ A. 
{ | TNN 
A. Maximum material condition\/\ 1 / 


; we (| a { [) N f 
B. Least material condition \— Le NNi 


Copyright Goodheart-Willcox Co., Inc. 
May not be reproduced or posted to a publicly accessible website. 


22 GD&T: Application and Interpretation Study Guide 


43. Circle the dimension value for each of the size dimensions. 


45. Apply dimension values to the shown slot using unidirectional dimensions. The slot is .250” wide 
and .125” deep. 
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a ia 

H 5 AOD. - 
>” / 

CA = E 


Name 


46. A full scale and half scale drawing of the same rectangular part are given. Dimension both of the 


e drawings. The actual size of the rectangle is 2.00” x 1.00”. 
f f ‘ = 
i 
{ 


g 


SCALE: 1/1 
tp aU 
LAD 
t 
SCALE: 1/2 


47. What are the maximum and minimum permissible horizontal dimensions between points A and F 
on a part produced to the given drawing? Assume no form or orientation variation exists to complicate 


the problem. 


6 We ven 
Co ae 
TOLERANCES: 
oe 07 
Mee = 2/005 
~ 64 T- 82 m ee 
A B 
C D 
E F 
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48. What are the maximum and minimum permissible horizontal dimensions between points C and D 
on a part produced to the given drawing? Assume no form or orientation variation exists to complicate 


the problem. 
| Av Maximum 
fall 
* ` Minimum 
TaN TOLERANCES: 
Gni ) XX = +.02 
N XXX = +.005 
A) gue 
1.91 
P. 1.46 
64 4 
A B 
@ D 


49. What is the specified size for hole B1 and what is the allowable size variation? 


A fah Specified size 


i 
AMY Allowable size variation 


What is the coordinate location for hole B1? 
cj sf 
EE Q Ò X Coordinate location 


pm ) 0 Y Coordinate location 


What is the specified size for hole A2 and what 
is the allowable size variation? 


LI Specified si 
l pecified size SYMBOL 


Allowable size variation 


What is the coordinate location for hole A2? 


| i X Coordinate location 


ye 
LA 
ik 


Y Coordinate location 
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‘ i ry ; [ ) 
Name j A 


50. Locate vertex A for the inclined surface and dimension the angle. 


53. Apply dimensions to the given part. Be certain to apply dimensions where the feature profiles are 
best shown. Use appropriate spacing between dimensions. 


` 
® | | | | 
‘ 
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52. Dimension all features. 


53. Dimension the depth for each slot. Also dimension the location of the hole. 


Copyright Goodheart-Willcox Co., Inc. 
May not be reproduced or posted to a publicly accessible website. 


Chapter 3 General Dimensioning Requirements 27 
Vy Q A 
Name if MOSK NWN 


& 94. [Dimension the given section view and add section lining (crosshatching). 


pm 
Cy. ! TR 


55. Apply 1.0003” and 1.0000” limits of size to the outside diameter. 
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56. Apply the needed dimensions on the orthographic views. 
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yt oO fhe 
Name (1) (LV 
r 57. Apply the needed dimensions on the orthographic views. 


~ 


l INTERNAL CORNER 
“094 RADII = .03+.01 


BREAK SHARP EDGES 
pS R.O2 MAX 


7: 4 
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58. Apply the needed dimensions on the views provided. 
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Dimension Application 
and Limits of Size 


N LE Masi | 
ame _ | d d Date Class 


Reading 


Read Chapter 4 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 

Clearly apply dimensions by complying with the stated general dimensioning guidelines. 
Apply dimensions to any of the geometric shapes commonly found on mechanical parts. 

Cite the categories for limits of fit and describe the general condition created by each category. 
Calculate and apply limits of size for mating features. 

Explain Rule #1 and Rule #2 of the ASME Y14.5-2009 standard. 

Provide examples of the effects that dimensions and tolerances have on manufacturing. 
Complete a surface texture specification when provided the allowable variations. 


dqaaa 4 


Review Exercises 


Place your answers in the spaces provided. Show all calculations for problems that require 
mathematical solutions. 


Multiple Choice 7 


À 1. An angle in an orthographic view is assumed to be ____ when lines are 
drawn perpendicular to one another. 
A. untoleranced 
@. basic 
- 0P 
D. No assumption permitted. 


Copyright Goodheart-Willcox Co., Inc. 
May not be reproduced or posted to a publicly accessible website. 3 


32 GD&T: Application and Interpretation Study Guide 
2. A right circular cone is dimensioned by giving the base diameter and 
Cy cone height 
B.) cone angle 
fee Either A or B. 
\D. Neither A nor B. 


3. Leaders extending from a hole specification should point toward the 
' of the hole when connected to the circular view of the hole. 
(A) center 
B. vertical centerline 
C. horizontal centerline 
\.2 D. Either BorC. 


s | A edge 
> bottom 


Ç end 
p center 
os 


a 5. If two groups of holes have sizes that are close to the same diameter, all 
holes of one diameter may be to make it possible to tell the size of 
_ all holes. 
(A. labeled 
B. drawn out of scale 
C. omitted 
D. None of the above. 


| 
LY 4. Hole locations are dimensioned to the of the hole. 
A 


WE . 6. Specify a counterbore hole by giving the hole diameter (when required), 
’ / ‘hole depth, and 
~ A. corner radius 
en counterbore depth 
( 'C) counterbore diameter 
2 D. All of the above. 


7./ Acommon use for a is to provide a recess for a flathead screw. 


x AS counterbore 
“NE ») countersink 
€ 


counterdrill 
D. None of the above. 


8. A spotface depth may be specified by : 
A. noting the depth 
B. dimensioning the remaining material 
(©) Either A or B. 
D. Neither A nor B. 


\ 9. Angles are typically dimensioned using values expressed in 
(A) degrees 
B. radians 
C. arc lengths 
D. None of the above. 
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Name 


10. The letter R in a radius dimension is shown as a to the dimension 
value. 
A. prefix 
B. suffix 
Either A or B. 
J Neither A nor B. 


SH 
2 \ 11. Although no break is required, extension lines may be broken where 


they cross 
extension lines 
dimension lines 

C. object lines 

D. arrowheads 


\ 2 12. The minimum allowable bend radius for a sheet metal part is affected 


by the 

A. type of material 

B. hardness condition of the material 
E material thickness 

D 


b All of the above. 
13. A bend radius that is too small can result in that weaken the part. 
A ridges 
.) sharp edges 
C. cracks 
( D. None of the above. 
14. The maximum limit of size is placed the minimum limit of size 
when shown in a dimension. 
A. below 
«above 
-. fo the right of 
D. tothe left of 
15. When using the system, the limits of size for the shaft are calculated 
o fit the hole. 
(Q&S basic tolerancing 
7Bex position tolerancing 
CY basic hole 
DN R basic shaft 
l 16. A clearance fit used for moving parts is designated by the letters , 
- RC 
a UG 
fe 
N D. FN 
i J 17. Which of the following classes of fit is most likely to result in a clearance 
condition? 
Mo JANI 
S LT6 
CHTN2 
D. FN4 
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18. Which rule in ASME Y14.5 requires perfect form at MMC? 


A) Rule #1 
B. Rule #2 
C. Rule #3 
D. Rule #4 
baal 19. specifications define allowable variations known as roughness, 


waviness, and lay. 
A. Limit of size 
(B.\ Surface conditions 
CY Form tolerance 
D. Class of fit 


A 20. The distance across peaks and valleys that cause surface roughness is 
known as the 
ine . 
\A.) waviness 
B. roughness width 
C. roughness distance 
D. surface texture 


True/False_ 


21. True or False? Dimensions to completely define a pyramid are the base 
dimensions and the apex location dimensions. 


| -a 22. True or False? Holes are normally dimensioned by giving the radius. 


| 23. True or False? A large hole may be dimensioned with the dimension 
Pa line, arrowheads, and dimension value located within the circle that 
ae represents the hole. 
24. True or False? The depth specification for a hole is the distance to the end 
a” of the drill point. 


25. True or False? Hole depth should be shown in front of the nole diameter 
= in a hole size specification. 


26. True or False? The dimension line for an angle is drawn as an arc with the 
center located at the vertex of the angle formed by the extension lines. 


| 27. True or False? Arcs should be dimensioned in a view where they are 
— foreshortened rather than in a true shape view. 


al 28. ‘True or False? A centerdrilled hole in the end of a shaft, when used ina 
F machine setup, locates the center (or axis) of the shaft. 


29. True or False? Every feature of size has a minimum and maximum 
allowable size, even when a single limit dimension is applied to the 
feature. 


\ 30. True or False? An RC1 class of fit results in less clearance than an RC4 


class of fit. 
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BL 


Fill in the Blank 


Pe Bw 
MAE a, 
ge e/a 
Lo 34, 
Af 
Cy 35). 
Ciu ede 36 
na.. 
gy: 37. 
- 5 38 
Fiad 39 
ELET y 40. 
y a . 
\ awe , 41. 
WAM BARN! 42 
Short Answer 


True or False? Fabrication accuracy capabilities and methods do 
not generally need to be considered when applying dimensions or 
calculating tolerances. 


True or False? The lifecycle costs for mated assemblies can be higher than 
for interchangeable assemblies. 


The ciameter and dimension must be given for a cylindrical part. 


A diameter dimension line applied on a circular view is oriented to pass 
through the of the dimensioned feature. 


The abbreviation for counterbore is 


A countersink hole specification includes a hole diameter, countersink 
and countersink angle. 


What is the equivalent decimal degree value for 25°30’? 
Chamfers made at a(n) angle may be dimensioned with a note. 
The leader for a radius dimension extends through the arc 


Limit dimensions specify the and 


values. 


acceptable dimension 


When using the basic system for calculation of size limits, one size 
limit for the shaft is the basic size. 


is the direction of tool marks, scratches, or the grain may be 
specified as part of a surface texture specification. 


43. Explain how a single view can be dimensioned to completely define a cylindrical part. 


poy 
i 
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44. 


45. 


46. 


47. 


48. 


49. 


50. 


GD&T: Application and Interpretation Study Guide 


What is the effect of using very small size tolerances? 


MA UAE NAYDA GÆ NAA i h N” 


= 


If a pattern of holes is repeated several times on a drawing, why would a removed view be used to 
define the hole locations within the pattern? 


f ‘we PD 


EA, ‘ : if 
— \ - ^N — ae leis a af A : 
= are AC | \ jv X O F 
Ta 
PN ` 1 Ni re 
Why South Devs “ke coke A VO Swa 


{ ilà NĀ MEA, 
How isa a centerline identified as a a line of symmetry? 


Wing Size, Aree cer 


How can an exception to Rule #1 be specified? 


/4 ow 3 ‘ iF ‘ie J 
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Name ( UARN 


Application Problems 


All application problems are to be completed using correct dimensioning technique. Show any 
required calculations. 


51. On the orthographic view provided below, apply all dimensions necessary to completely define the 


given part. 
rms 


© a y 
Ao 0 
4 


52. Apply diameter dimensions to the given holes. 


D © 
oO ® 


N 
; \ 4 Holes 
pi paaet a .212 Diameter 


\ \ (A | Me Ca 
\ (IN roA 
2.00 Diameter A \ aan aed | A 


/ 
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53. Apply a hole specification to the given hole using the given information. Use symbology. 


Hole diameter: .188 +.006 - .003 
Depth: .500+.010 


54. Dimension each of the Pye angles. 
9; 


a 9° Angle 
Eo M 30° Angle 
, F: 
= 
"A, Y 60° Angle 
[90 F i 


55. Completely dimension each mm estimating dimension values. The arc on one of the parts must be 
located by dimensioning the tangents. The arc on the other part must be located by dimensioning 
the arc center. Do not double dimension any feature. 


vt t 
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Name INNI JA 


56. Dimension each slot using the dimension values provided. . 


OF ee // 
wk. Way ae A 


Length: 1.00 

Width: .38 

Radius: .75 

Corner Radius: .03 MAX 


TPES 
Length: 1.00 
Width: .38 


Radius: .19 


N 


57. Dimension the shaft diameter and the keyseat. Use the dimension information provided. 


Shaft diameter: 1.125 
c9 Keyseat width: .1875 
Keyseat depth: .0938 


Copyright Goodheart-Willcox Co., Inc. 
May not he reproduced or posted to a publicly accessible website. 


40  GD&T: Application and Interpretation Study Guide 


58. Completely dimension the sheet metal part. Estimate dimension values. 


59. Dimension the slot width on each of the given drawings. Use limit dimensions on the indicated 
part and plus or minus tolerances on the other part. Determine dimension values from the shown 
information. 


Limit dimension i 
Slot width: .125 ^C + Ma 
Plus tolerance: .005=== . 1 J ~ 

Minus tolerance: .002 


Plus or minus tolerance 
Slot width: .125 

Plus tolerance: .005 
Minus tolerance: .002 
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ir 
/ ; a . 
Name | j WEE r 


60. Add the necessary information to the drawing to permit exception to the requirements of Rule #1 
for the thickness dimension. 


ZOO = 020 
j 4 < 71.00 X 1.00 
n) m 


9.0 


61. Complete the given drawing by entering the information for a revision. The indicated hole was 
previously dimensioned as a .250” diameter. It is now to be a .261” diameter with a .006” plus 
tolerance and .003” minus tolerance. Also complete the revision block. 


Revision 


Description Approved 


1-00 
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62. Calculate limits of size and apply dimensions for the shown parts. Show all calculations. (See 
Figure 4-47 of the textbook.) Use tolerance tables in ASME B4.1 or Machinery’s Handbook. Apply 
the dimensions using limit dimensions. 


Basic hole system 


Basic size: 1.000 
I a Class of fit: LC3 
SS A 


Basic hole system 
Basic size: 1.375 
Class of fit: FN4 
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jnd y 
nae C AERA o S o 


63. Calculate limits of size for the shaft and hole. Show all calculations. Split the allowable tolerance 
evenly between the two parts. 


Basic hole system 

Basic size: .375 
Allowance: .0004 
Maximum clearance: .0022 


64. Complete a surface texture specification that permits a roughness of 125 microinches with a 
roughness width cutoff value of .03”. No lay direction is required. 


65. Complete a surface texture specification that permits a minimum roughness of 63 microinches and 
a maximum roughness of 250 microinches with a roughness width cutoff of .100”. No additional 
control is needed. 
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NOTES 
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Chapter 5 
Form Tolerances 


Date Class 


Reading 


Read Chapter 5 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 

v Draw the symbols for form tolerances. 

wv Complete a feature control frame to specify a form tolerance and properly apply material condition 
modifiers on the tolerances. 

v Explain the extent of form control established by limits of size. 

v Apply straightness tolerances to control surface elements or a derived median line and show the 

interpretation of those tolerances. 

Explain and calculate virtual condition for a regular feature of size that has a form tolerance applied to it. 

Apply flatness to control a surface and show an interpretation of the flatness tolerance zone. 

Apply a flatness tolerance for a median plane and show an interpretation of the flatness tolerance zone. 

Apply circularity tolerances and show an interpretation of a circularity tolerance zone. 

Apply a cylindricity tolerance and show an interpretation of the cylindricity tolerance zone. 


bae e E 


Review Exercises 


Place your answers in the spaces provided. Accurately complete any required sketches. Show all 
calculations for problems that require mathematical solutions. 


Multiple Choice 
A 

CS 1. Allowable variations in the shape of an individual feature may be 
specified by size and tolerances. 
A. position 
B. orientation 

- location 

D.) form 
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\AŅN position 
B. size 
C. orientation 
D. None of the above. 


2. -Form variations on a feature of size may not exceed the tolerance. 


3. A form tolerance controls feature(s). 
A. One 
B. Two 
C Three 
C . Any desired number of 
oS 4. Generally, form tolerances applied on a surface ___ is permitted by the 
size tolerance. 
A. permits more variation of form than 
B. permits less variation of form than 
~C. are equal to what 
CD) Both A and C. 
r 5.~Eorm tolerances are never 
\A\ applied to an individual feature 
B.~ smaller than size tolerances 
C. used to establish location from datums 
4 D. specified with datum references 
6. _____ of ASME Y14.5 defines the assumption regarding material 


-condition modifiers on form tolerances. 
CA.) Rule #1 

B. Rule #2 

C. Both Aand B. 

D. Appendix A 


px 
X 7. The least material condition for a hole is the 


(A. maximum allowable diameter 
~ B. minimum allowable diameter 
CG P C. actual produced size 
D. None of the above. 


at MMC. 
A. parallel 
(B) flat 


C. coincident to the perfect form boundary 
D. All of the above. 


MC. 
( A.} parallel 
/ flat 


C. straight 
D. None of the above. 


8. Two opposed sides of a rectangular part must be 


9. Two opposed sides of a rectangular part must be 


when the part is 


when the part is 
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Name ies 
PR 10. ts subject to are not controlled by Rule #1. 
free state variation 
B. damage 
C. mass production 
D. None of the above. 
T 11. Perfect form at MMC is not a requirement when a straightness tolerance 


we 


"i 
at 
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ı is applied to define allowable variation of 
a flat surface 
B. Jhe derived median line of a cylinder 
G_/surface elements on a cylinder 
D. None of the above. 


12. A specified derived median line straightness tolerance on a shaft 
A. also establishes a direct control of surface straightness 
Ba has no direct effect on surface straightness 
must be specified in a special manner to also establish a tolerance for 
the surface straightness 
D. None of the above. 


13. If exception to Rule #1 is allowed on a feature, then a __ must be 
applied on that feature. 
>A. small size tolerance 
S form tolerance 
surface finish specification 
D. None of the above. 


14. A straightness tolerance used to specify allowable derived median line 
_ variation for a cylinder must include __ 
_A. ' an MMC modifier 
no modifier 
. Ja diameter symbol 
D. None of the above. 


15. Departure from MMC does not result in any change in the allowable 
form tolerance if the tolerance is specified to apply at___ 
A. MMC 
a RES 
cf LMC 
as of the above. 


16. The virtual condition of a hole is calculated by ____ the MMC size and 
straightness tolerance value. 
A. finding the difference between 
( By adding 
NC. / multiplying 
D. None of the above. 
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g 17. Functional gage sizes are based on the of the features to be checked 
if the feature has a size tolerance and a form tolerance applied at MMC. 
A, LMC ( 
CB.) MMC 


`€ virtual condition 
D. nominal size 


iw 18. The flatness tolerance zone boundary may be at ______ orientation(s) to 
the part. 
A only one defined 
B.! one of several defined 
€. any 
D. Either Aor C. 


19. A surface that has a flatness tolerance applied to it____. 
A. must also remain within the limits of size 
\ B, may fall outside the limits of size by a value equal to the flatness 
tolerance 
C. must be oriented to the referenced datums 
D. None of the above. 


‘o 
if 20. A circularity tolerance value is the _____ the boundary circles. 
A. radial distance between 
B. diameter difference between 
Æ. center point offset for 
\ . D? None of the above. 
1 
21. Circularity require surface location relative to the axis of the ¢ 
controlled feature. 
. ) does 
~ does not 
C. may: 
‘= D. combined with cylindricity may be used to 


22. Acylindricity tolerance boundary is composed of two 
A. concentric circles 
concentric cylinders 


B. 
a parallel planes 
~ parallel lines 


True/False 


\ 2 True ot False? Reducing size tolerance is one method of reducing allowable 
form variations. 


24. True orEalse?) It is preferable to reduce size tolerance to control form 
\ rather than to apply a large size tolerance in combination with a small 
form tolerance. 


J 25. True or False? Straightness tolerances applied on the surface line elements 
of a shaft have the same effect as when the tolerance is applied to the 
shaft diameter. ¢ 
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Say 
26. 
i 
\ 
Og 
= Te). DO, 
¥ 29. 


\ 30. 


3 32. 


bA Sie 
i 33. 
ae sae 
\ 
\ 34. 


B5: 


\ 
i 3 


\ 38. (fr 


Fill in the Blank 


F 
F 


Nan een 39. 


Aee o an 
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36. 


True’pr False? A form tolerance specification that is applied to one flat 
surface will also be applicable to any surface that is parallel to the 
toleranced surface. 


——~, 


True ot False? Stock materials, such as sheet and plate, must meet the 
requirements of Rule #1. 


True or False? Straightness tolerances are never used to specify derived 
median line straightness for a shaft. 


True or False? A straightness tolerance may be used to establish allowable 
variation for surface elements on a cone. 


True or False? A derived median line straightness tolerance may be larger 
than the size tolerance. 


True or False? Exception to the perfect form boundary requirements 
created by the size limits is never permitted regardless of the form 
tolerance values. 


True ov False? Functional gages may be used to inspect parts that have 
tolerances specified with the MMC modifier. 


True or False? Unit length tolerances for derived median line straightness 
must be specified with a unit length of one inch. 


True or False? Flatness tolerance feature control frames never include 
datum references to establish orientation requirements for the toleranced 
features. 


True or False? A flatness tolerance that is attached to one surface establishes 
a requirement for that surface plus any other parallel surface. 


True or False Flatness of a derived median plane may only be specified 
by applying two flatness tolerances, one on each of the two surfaces that 
establish the derived median plane. 


True or False? Circularity tolerances may be applied to any feature with a 
circular cross section. 


— 
Truevr False? Rule #1 in ASME Y14.5 defines what is often referred to as 
the envelope principle. 


The four form tolerances are straightness, flatness, circularity, and 
All form tolerances are specified in a control frame. 


Unless shown otherwise, the material condition modifier on a form 
tolerance is assumed to be 
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z rE 42. A hole specification of .375” +.005” diameter results in a perfect form 
boundary of diameter. 
DE Le 43. A tolerance specifies how close to perfectly straight a feature must 
be made. 
I) 
44. A straightness tolerance applied to a feature of size is assumed to apply 
with the modifier unless shown otherwise. 
je 45. The virtual condition for a .375” +.003” diameter shaft with a derived 
median line straightness tolerance of .007” diameter is 
46. The MMC modifier indicates that the specified tolerance value may 
as the toleranced feature departs from the MMC size. 
AYOWN 47. Additional tolerance gained due to specification of the MMC modifier 
and departure of a feature from MMC is known as tolerance. 
kK v J iN? : 
y KAY 48. Two parallel bound the tolerance zone for a flatness tolerance. 
Two circles are the tolerance zone boundaries for a circularity 
tolerance. 


4 Of Ws 50. 


tolerances simultaneously establish requirements for circularity 
and straightness of cylindrical surfaces. 


Short Answer 


oie 


52 


53. 


54. 


How are form variations on an individual feature specified to a value less than the size tolerance? 
> 


VUB Mua u Orv Bi 


p. 


‘j ) 


List the form tolerance categories. 


A material condition modifier is applicable to the tolerance value when a form tolerance is applied 
to what type of feature? 


f fo . vs f 


‘pf Fs A sa M e ; e ie ere T 
eof 4 aS f Mp Pe id £ FoF ‘ ; at f az) Ker .. a 
i / A { { f1 goa / A A i ¢ ar y 7 tA 7 


Explain the difference between a surface and a feature of size. 


H ] f? fo 2 cl A > 9 
A po R 7 r >: i 

(i ff mail Cdl Aa So aa Set if M S f ) j ‘i p f 

ae i (a CA ` - ae i : 4 4 
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55. Define maximum material condition. 


Faid ct = i 
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56. When all features on a part are at MMC, why is it possible for two adjacent features of size to be at 


an imperfect angle to one another? 


/\/ LT] i : *v P 
= = 


E Ht 


£ 


57. Describe free state variation. 
A a p t } 


- i 
f ' 


> 


58. Describe how an exception to Rule #1 may be specified for a single feature. 


D 


Bo 


60. Explain the difference between a straightness tolerance specified on a flat surface and a flatness 


tolerance applied to the same surface. 


1 


A nloy ace 


Application Problems 


jee Onde! ee, 


rw Semi 
— 


All application problems are to be completed using correct dimensioning techniques. Show any 


required calculations. 


61. If the bottom surface of a part produced to the given drawing is perfectly flat, what is the maximum 


possible flatness variation on the top surface? 
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62. Apply a straightness tolerance of .007” to control the straightness of surface elements on the 
given shaft. 


06 / 


D.500+.008 a 


63. Apply a straightness tolerance of .007” at MMC to specify.a derived median line (axis) straightness 
on the given shaft or explain why it cannot be done. 


DB .500+.008 


a 
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64. Complete the interpretation drawing for the specified tolerances. Add any required tolerance zone 
boundaries, dimensions, or notes needed to complete the interpretation. 


— 500+.009 
-TE mill 
; 509 
Jo 


© One cross section lengthwise One cross section 
through the part across the part 


65. Number the surfaces on the given part and enter the total number of surfaces on the blank 
provided. 
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66. Apply measurement values on the given part to illustrate the worst-case scenario that is allowed 
when both features are at MMC. 


TOLERANCES: 
XXX = +£.010 
ANGLES = +£.5° 


ie oo iG 


L500 


67. Show two methods of applying a straightness tolerance of .008” on the bottom surface of the given 
view. Also show a thickness dimension of .750” +.015”. 


tll 


t 


68.. Complete a straightness tolerance specification of .008” diameter at MMC. 
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Name 


69. Complete the interpretation drawing for the specified tolerances. Add any required tolerance zone 
boundaries, dimensions, or notes needed to complete the interpretation. 


D.875+.010 


è 70. Complete the interpretation drawing for the specified tolerances. Add any required tolerance zone 
boundaries, dimensions, or notes needed to complete the interpretation. 


a i 


G1.125+.005 


| E uaa 
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m) ar . j i 
71. What is the virtual condition for the hole2@r 4 | 


+.005 
aaa. | 


— |ø .003 ® X 


72. Apply a straightness tolerance specification that results in a virtual condition of .216” diameter. 


r +00 
ta ume 002 


| 


73. Apply a straightness tolerance specification to achieve overall length derived median line straightness 
of .015” diameter at MMC and unit length derived median line straightness of .005” diameter at 
MMC per 1.00” of length. 


MEZ D2 Orme | 
l j ae z 


74. Sketch a gage to check the unit length specification in the given figure. Apply dimensions to show 
the theoretical dimensions for a perfect gage. Do not apply gage tolerances. 


- DB 5001001 


lp onan 
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my 


Name \ A_* 2 


eo 75. Show two methods of applying a flatness tolerance of .010” on one of the large surfaces on the part 
in the following illustration. 


| TT SeA 


ee) 


76. Complete the interpretation drawing for the specified tolerances. Add any required tolerance zone 
boundaries, dimensions, or notes needed to complete the interpretation. 


[Z7|.010 | 1.000+.010 


ma 


a= 


IENS ie 
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77 Draw a feature control frame that establishes an overall flatness tolerance of .020” and a unit area 
flatness of .009” per square inch. 


78. Apply a circularity tolerance that permits .010” surface variation when so poroi from a 
perfect circumscribing circle. gl FOURN dt 


Eid 


B.750+.010 


79. Complete the interpretation drawing for the specified tolerances. Add any required tolerance zone 
boundaries, dimensions, or notes needed to complete the interpretation. 


~ $1.500+.012 


O .004 


m 


L 
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Name a ) ORLA 


80. Apply a tolerance specification that requires surface conditions to fall within two concentric 
cylinders separated by .005”. r {7 \ 


® .875+.008 


LAC 
ali | 


81. A shaft is produced at a diameter of .559”. The specified size is .562” +.004” and a derived median 
line straightness tolerance of .003” diameter at MMC is specified. What is the allowable straightness 
variation on the produced part? 
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NOTES 
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Chapter 6 


Datums and Datum 
Feature References 


Name Date Class 


Reading 


Read Chapter 6 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 

v Define the difference between a theoretically perfect datum and a datum feature. 

Explain how to create a datum reference frame through references made in a feature control frame. 

Utilize all methods for identifying datum features, including the use of target points, lines, and areas. 

Make datum feature references in a feature control frame using the correct order of precedence. 

Explain how a datum reference frame may be simulated when three mutually perpendicular surfaces 

are referenced as datum features. 

v Use material boundary modifiers on datum feature references and explain the significance of the 
modifiers. 

v Identify the degrees of freedom constrained by each referenced datum feature in a datum reference 
frame. 


@qqdqd4< 


Review Exercises 


Place your answers in the spaces provided. Accurately complete any required sketches. Show all 
calculations for problems that require mathematical solutions. 


Multiple Choice 


T aa 1. -Batum feature references may be contained ina __ 
à \ A. datum reference frame 
B:~ feature control frame 
C. datum system 
D. machine part 
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es 


2. A tolerance specification shown in a feature control frame may include 
— datum reference(s). 
A. one 
(B/ two 
C. three 
D. Any of the above. 


$ 3. The first datum feature reference in a tolerance specification identifies 


the datum reference. 
` [A primary 
B. secondary 
C. tertiary 
A D. None of the above. 
/ \ . 4. Planes in a datum reference frame are always ____ 
(A./ perfect È 


B. mutually perpendicular 
C. Both Aand B. 
a D. Neither A nor B. 


d 5. The factor that is irrelevant when defining datum feature references for 
a tolerance specification is ___ 
A. functional requirements 
B.. fabrication methods 
inspection methods 
D. alphabetical order of datum letters 


lk à 6. The datum target symbol is used to identify datum ___ 


AD targets 
B. features 
C. planes 
w D. axes 
b 
x 7.. A datum target symbol is a circle witha _____ line across it. 
#E vertical 
B,) horizontal 
Ey diagonal 
A Pa Both A and B. 
/ x 


8. A surface plate or other tooling device used to contact a datum feature 
acts as a datum ___ 


- A plane 
simulator 

a axis 

D. reference frame 


datum axis 
datum plane 
coordinate system 


ie S) AR imary reference to a cylindrical datum feature establishes a 

(A, 

B. 

G 
D. centerline 


Copyright Goodheart-Willcox Co., Inc. 
May not be reproduced or posted to a publicly accessible website. 


s 


Chapter6 Datums and Datum Feature References 63 


Name 
\ 2 
P , 

10. A leader extending from a datum target symbol to a datum target 
indicates the target is on the far side of the object. 
È solid 
B.) dashed 

. phantom 
W D. None of the above. 
11. Single point contact at a target point can be achieved witha ___ 


A. side of a round dowel 
chuck or collet 
. \ spherical-ended tool post 


, \ p7 All of the above. 
v f l 


i 12. An end view of a____ is shown with the same symbol as a target point. 
\A,/ target line 

B. target area 

C. datum surface 

D. None of the above. 


13. Target areas havea____ shape. 
* round 

* square 

rectangular 

Any of the above. 


| o 
B, 
P 


> 14. ____ datum reference frame(s) is/are created if one feature control 
frame references datum A primary, B secondary, and C tertiary; and 
another feature control frame references datum B primary, C secondary, 
and A tertiary. 
A. One 
B. Two 
C. Three 
Q. All of the above. 


= 15. A flat surface on a part will stabilize on _____ point(s) or more when set 
on a surface plate. 
A. one 
pi two 
i UO\ three 
A D. None of the above. 


E 16. Datum is a means of approximating the theoretical location of 
the datums. 

A. referencing 

B. identification 
Q. targeting 

iD. simulation 
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17. Adentifying a hole as a datum feature is a means of establishing a 
A/ datum axis 
B. datum plane 
C. datum target 
D. virtual hole 


18. A datum feature surface may be identified by a datum feature symbol 
placed 
A. onan extension line from the surface 
B. on the feature 
©) on a feature control frame attached to the feature 


A D.} All of the above. 
d A 19. A reference to datum A primary, B secondary, and C tertiary creates 
ø> a reference to datum A primary, C secondary, and B tertiary. 
\A. ] the same datum reference frame as 
. the same coordinate system as 
C. a different datum reference frame than 
2; D. None of the above. i 


L 20. Multiple groups of features are assumed to if the tolerance 
specifications on the groups reference the same datums in the same 
order of precedence and include the same material condition modifiers. 
A. create one pattern (simultaneous requirements) 

B. create multiple patterns (separate requirements) 
CN create confusion 
eo i D.) Boin B and C. 
(210 There must be at least target point(s) identified for a flat surface 
. that is referenced as a primary datum. 


Aone 
eS two 
SN three 
` y D. four 
N 22. Thejdistance between stepped datum targets is defined with : 
\ S basic dimensions 
. limit dimensions 
. C. plus or minus tolerances 
i D. None of the above. 
7 \ 23 targets are used to establish a datum plane by contacting features 
in.a manner that causes the feature to center. 
A equalizing 
/ Small 
C.” Earee 
D. Stepped 
True/False 


: 


24. True or False? Datum features are typically identified by attaching 
symbols to centerlines and other theoretical entities. 


25. True or False? Tolerance specifications that reference datum features 


require that measurements be verified relative to the datums rather than 
to the imperfect part surfaces. 
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f 31. 


BO. 


-ai 


34. 


35: 


OF. 


38. 


29; 


40. 


41. 
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/ = 26. 


36. 


True or False? The letter used for a primary datum feature reference must 
precede the letter in the alphabet used for a secondary datum reference. 


True or False? Using implied datums is permitted since this practice 
saves time. 


True or False? A datum target point shown on a drawing indicates that 
the target location is intended to make point contact with the tooling. 


True or False? Contact with a datum target line on a flat surface may be 
achieved by contacting the side of a dowel pin. 


True or False? The perimeter of a target area must always be shown with 
a phantom line. 


True or False? Datum precedence shown in a feature control frame affects 
how the datum features are used to establish a datum reference frame. 


True or False? A secondary datum feature that is produced with an 
angular variation relative to the primary datum feature causes the 
datum reference frame to be distorted. 


True or False? The minimum number of points on a flat surface that must 
make contact to establish a secondary datum plane is two. 


True or False? A datum feature triangle should not be attached to a 
dimension line. 


True or False? Before a means of datum simulation can be determined, 
it is necessary to know the order of precedence of all datums and the 
material boundary modifier applicable to each reference. 


True or False? A datum feature cannot be referenced as a primary datum 
in one specification and as a secondary datum in another specification. 


True or False? Multiple (compound) datum feature references separated 
by a dash create a requirement to use the identified features to establish 
one datum. 


True or False? ASME Y14.5 specifies that datum feature symbols should 
not be shown on centerlines. 


True or False? Datum targets are permitted on cylindrical features such as 
holes and shafts. 


True or False? More than three datum targets may be placed on a single 
datum feature. 


True or False? It is a poor practice to combine datum target areas and 
datum target points on the same datum feature. 
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Fill in the Blank 


42. 


43. 


44. 


45. 


46. 


47. 


48. 


49. 


aD; 


ol 


527 


DO: 


54. 


55: 


A datum reference frame made up of three mutually perpendicular 
planes may be established by referencing datum feature(s) that are 
flat surfaces. 


A feature symbol is used to identify a surface or feature of size as a 
datum feature. 


Adatum ____ is established by a flat surface that is identified as a 
datum feature. 


A(n) line (type of line) is normally used to show the perimeter of a 
datum target area. 


A primary datum feature establishes location of the first plane in the 
datum frame. 


points are required to define a plane. 


The secondary datum plane in a datum reference frame must be oriented 
to the primary plane. 


flat surfaces must be referenced to establish three planes in a 
datum reference frame. 


The diameter of a round target area may be shown in the half of 
the datum target symbol. 
The order of datum shown in a feature control frame must be 


considered when defining datum targets on a drawing. 


If a primary datum plane is established by a flat surface, holes 
must be referenced as datum features to completely establish and clock 
the datum reference frame. 


Surfaces that lie in more than one plane are called datum surfaces 
when they are used to establish one datum plane. 


If a primary datum feature reference is to a datum feature of size and the 
reference includes the MMB modifier, then the datum simulator size is 
equal to the ____ of the datum feature. 


If a secondary datum feature reference is to a datum feature of size and 
the reference includes the MMB modifier, then the datum simulator size 
is equal to the of the datum feature. 
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Name 


Short Answer 


56. What is the difference between a datum feature and a datum? 


5% 


58. 


59; 


60. 


61. 


List two types of tolerance specifications that typically include datum feature references. 


State one reason why it is preferable to measure from a datum reference frame rather than from 
datum features. 


Explain why it is ambiguous to place a datum feature symbol on the centerline of a counterbored hole. 


Describe two of the methods for applying a datum feature symbol to indicate that a flat surface is a 
datum feature. 


List the three types of datum targets. 
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62. Explain why at least three target points are needed ona surface that is referenced as a primary 
datum feature. 


63. List one factor that should be considered when determining the size of a datum target area and 
explain why the factor should be considered. 


64. Ifa workpiece is considered unstable on the primary datum simulator, what may be done? 


65. What is the result of applying a datum feature symbol to the width dimension on a slot? 


66. When are material boundary modifiers applicable on datum feature references? 


67. What is the difference between datum reference A-B and AB? 
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Name 


Application Problems 


All application problems are to be completed using correct dimensioning techniques. Show any 
required calculations. 


68. Identify the order of precedence for each of the datum feature references. 


- 


jg .023 0a [c |B] 


69. In the drawing, identify a datum feature reference and a datum feature. In the interpretation view, 
identify a datum feature and a datum plane. 


//|.012 |A 
3 


a .600 


Drawing 


Interpretation 
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reference 
70. A sketch of a manufactured part is given below the drawing. Sketch the planes cl innit tn 
: frame in all the views of the manufactured part. Label each of the datum ee : o ni 
datum reference frame and note the number of points of contact required n the ars Hi 
Complete the sketch assuming that a feature control frame references datum feature A p y, 
B secondary, and C tertiary. 


A 


Drawing 


San P 


Manufactured part 


71. Complete the datum target symbol for target location A3. It is a target area with a .50” diameter. 
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Name 


72. Identify the diameter of the given cylinder as datum feature A so that a datum axis is established. 


=| 


D.625 


73. Show datum target points on the given part. Use a number of targets that permit datum references 
in the order of precedence shown in the given drawing. Label all targets. Use basic dimensions to 
define target locations. 


TERTIARY 


Z PRIMARY 
SECONDARY 


5 
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74. Identify each of the given target symbols. 


= 


75. Complete the given feature control frame. Reference datum feature D primary, B secondary, and 


C tertiary. 
lø .015@) | 


76. Identify the shaft diameter as datum feature A and the right end as datum feature B. 


D500 2002 
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Name 


$ 77. A drawing and manufactured part are given. Sketch a tool that properly locates the datum reference 
frame for the manufactured part. Show possible points of contact that would stabilize the part in the 
tool and meet the order of precedence for the referenced datums (Hint: Show at least three points on 
the primary datum feature). 


2X Ø.250£.003 


[elg .015 wa [Bic] 


Workpiece 
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78. Sketch and dimension the gage features required to establish the datum reference frame for the 
shown part. Superimpose the gage on the given views. 


D.750+.003 
1 (Ø .005 MA 


2X G.288+.004 


|ø .028 MA[BO [cM 


2 50 (COR) 
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Name 


79. Assume the bottom surface of the shown part is referenced in two feature control frames. It is 
referenced as primary datum A in one specification. It is referenced as secondary datum E in 
another specification. Show targets that permit the two datum references. 


Bottom 


80. Identify the centerdrill countersinks as datum features A and B. Complete the total runout 
specification by showing a primary datum reference to compound datum features A and B. 
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i e 


81. Explain why the shown drawing is wrong and correct the drawing. 


SX 12500 


[elg 013 @)A |B IC] 
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Name 


e 82. Sketch the datum simulators required for the given part. Apply nominal size and location 
dimensions for the simulators. Do not superimpose the sketch on the given part. 


150+.002-4 


|Ø .007 @ A|B® C 


1005 
= 000 


1 (Ø .005 MA 


® 1.000 
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i i i j iew are 
83. The given part drawing shows a front and bottom view with dimensions. A front and top mi _ 
7 shown in phantom lines. Sketch the datum simulators required for the given part in eer i 
the part is shown in phantom. Apply nominal location dimensions for the target point locators. 
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Name 


¢ 84. Complete the interpretation drawing for the one dimension that has note #1 applied to it. Show the 
datums and the dimensions to the tolerance zone for the one dimensioned feature that is affected. 


NOTES: 
/\ NOTED DIMENSIONS ARE 
| RELATED TO DATUM A 
zo Re PRIMARY, DATUM B 
SECONDARY, AND DATUM 
CoTERTAIRY 
aT 
TOLERANCES: 
XX = +£.03 
XXX = +£.010 


7S 
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NOTES 
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Chapter 7 
Orientation Tolerances 


Varo) Tbe Adapted tT tay 

PEA IYO YS Ff BA SPANO ABA / p43 
Name Ad i . IAr e W Pee Date va ee Class 
Reading 


Read Chapter 7 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 

Y Identify, apply, and interpret orientation tolerances. 

y Complete orientation tolerance specifications including one or two datum feature references. 

¥ Explain the effects of material condition modifiers when orientation tolerances are applied to features 
of size. 

v Calculate the virtual condition for internal and external features of size to which an orientation 
tolerance is applied. 

v Complete tolerance specifications that include orientation and form requirements on a single feature. 


Review Exercises 


Place your answers in the spaces provided. Show all calculations for problems that require 
mathematical solutions. 


Multiple Choice 


Cy 


f N . . . 
i 1. There must be datum feature reference(s) in a perpendicularity 
v tolerance specification. 

A. no 


B. only one 
E) one or more 


D. two or more 
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Aa 
S s- 2 TWo___form the tolerance zone boundary when an orientation 
tolerance is applied to a flat surtace. 
A. intersecting lines 
R intersecting surfaces 
i parallel lines 
- parallel planes 


Y. 
= 2 3. Which of the following is not an orientation tolerance? 
A. Angularity 
© Concentricity 
C. Parallelism 
D. Perpendicularity 
ee eas. ee condition caused by an orientation tolerance applied at MMC 
ona hole is determined by subtracting the orientation tolerance from the 
rinimum size limit of the hole. 
Q Virtual 
B. resultant 
~ C. NRC i 
\ L D. LMC 
per. 5. A parallelism tolerance applied to a flat surtace results in a tolerance zone 
that is bounded by ____ that are parallel to a reterenced datum plane. 
q lines 
G planes 
\ C. cylinders 
D. None of the above. 
n =- — 6. Application of a parallelism tolerance on a hole requires thata ____ be 


assumed or applied on the tolerance value. 
minimum value 
Marimum value 


a 
B 
metric value 
A (B) a material condition modifier 


7. Aperpendicularity tolerance applied to a flat surface on the end of a 
actangular part detines an orientation requirement tor 
only the surface to which it is applied 
B. both the surface to which it is applied and the opposite end of 


the part 
C. the center plane of the toleranced feature of size 
A D. None of the above. 
: 
S. Ąperpendicularity tolerance applied to the width dimension ona slot 
establishes a requirement on toa value equal to the tolerance value. 


A/Z both sides of the slot 

s. the side of the slot closest to the tolerance specification 
C. the center plane of the slot 
D. All of the above. 
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An orientation tolerance applied to may result in surface variation 


that lies outside the tolerance zone, but a plane tangent to the surface 


7 O be within the tolerance zone. 
N 


Name x 
9, 
an individual feature 
multiple features 
C. aunitarea 
D. a tangent plane 
True/Faise 


T 10. 


ule 


\ 12) 
T 13; 


14. 


on™ 


\ TS: 

\ 16. 

Y IZ 
“5 


Mey 


\ 19. 


F. t * 
peewee aa a ae 
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True or False? Parallelism tolerances may only be applied to flat surfaces. 


True or False? An orientation tolerance may be used to establish a location 
requirement. 


True or False? An orientation tolerance should not be applied to a feature 
that already has another tolerance type such as a position tolerance. 


True or False? An orientation tolerance including the MMC modifier and 
applied to an internal feature of size, such as a hole, creates a virtual 
condition that is smaller than the MMC size of the toleranced feature. 


True or False? A parallelism tolerance establishes an orientation 
requirement, and does not establish the maximum and minimum limits 
of size for a feature. 


True or False? A parallelism tolerance of .008” can define the allowable 
variation on the distance (location or size) between two flat surfaces. 


True or False? A diameter symbol is needed when a parallelism tolerance 
is applied to control the parallelism of the axis for one hole to the axis of 


another hole. 


True or False? Ninety degree angles in an orthographic view do not 
require dimensions to show the angle. 


True or False? A perpendicularity tolerance must never reference two 
datum features. 


True or False? A secondary datum feature reference in a perpendicularity 
tolerance specification stops rotation of the part on the primary datum. 


tolerances are used to specify angularity, parallelism, and 
perpendicularity requirements relative to one or more datums. 


tolerance provides control of a flat surface at any angle. 
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f l w 
ja Y — 22. When no material condition modifier is shown on an orientation 
tolerance, the material condition modifier is assumed to apply. 
NPY 23. A parallelism tolerance value applied to a flat surface must not be __ 
than the tolerance value that locates the surface. 
je Ta P a BP» 
LJ © CESEN k 2 3 f | 
‘= _ te | 24. The primary datum feature referenced in a perpendicularity tolerance 
à specification must be ata(n)___ angle to the toleranced feature. 
ay A, \ De y ; : : . 
“Ate ( 25. A produced surface with an orientation tolerance applied to it may have 
y form variation that is equal to or ______ than the orientation tolerance. 
DMA A AANA 26. Anangularity tolerance specification applied to a flat surface results in a 
t \ tolerance zone bounded by two 
a Ds 27. The angle dimension value must be when an angularity tolerance 
is applied. 
Short Answer 
28. List the three orientation tolerances. 
A Y\en Aci POTTIE NAA Iy 
J v | a ] i 
29. 
30. Describe what is meant by the term virtual condition when the term is associated with a shaft. 
Al 
31. How much parallelism variation may exist when the size dimension between two surfaces is +.015”? 
OZ. 


Explain why it is possible to have a location tolerance of .050” between two holes and a parallelism 
tolerance of .010” between the same two holes. , 
Ao ` JATE VY? 
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Name 


33. When is a 90° angle understood to be basic? 


($ . P 
Bs icira ce uran I VAG eee © PU ennn 
‘ 
pi - r & a a d ; 
we URA’ CA W | PTEE 
hw E e SE e t £) Ere C O - : Š 
7 Tas 44 


34. Determine the virtual condition for a .563”, plus .005”, minus .000” diameter pin that has a .012” 
diameter perpendicularity tolerance. 


a 4 50% + ,O1/ 


35. Determine the virtual condition for a .750”, plus .006”, minus .002” diameter hole that has a .010” 
diameter perpendicularity tolerance. 


we He -147 «Olly OOF 


Application Problems 


All application problems are to be completed using correct dimensioning techniques. Show any 
required calculations. 


36. Show the tolerance zone for each of the inclined surfaces. 
m 


G TOLERANCES: 
XX = +£.02 
XXX = +.010 


ANGLES = +.5° 


630 .525+.005 


eee 


pmm 


eal 


37. Identify each of the shown symbols. 


“o Pua SpA 


38. Complete a feature control frame that controls a flat surface to be perpendicular to datum surface A 
within a zone that is .006” wide. 


l L ona 
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39. Calculate the virtual condition for the shown hole. 


ay \ 
aH YAN” 
£ 


40. Calculate the virtual condition for the shown pin. \ le? 


~ 


PLSI 


[LØ .003 ®]A 


41. Surface B must be parallel within .005” to a datum established by surface A. Surface C must be 
parallel within .010” to the same datum. Show all required tolerance specifications. 


S Surface C 
— Surface B 


o _ ——aae 
| 
| -7500.005 
.500 + 008 
! ! 


Surface A 
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Name 


42. Complete the interpretation drawing and show the allowable tolerance zones for all specified 
tolerances. 


//\.005 |A| 


to OE 
TE 


43. Apply a size dimension and tolerance to permit the slot width to vary by .020” total and apply 
geometric tolerance(s) to require the sides of the slot to be parallel to one another within .008”. 
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44. Apply a location tolerance of +.025” between the shown holes. Establish one hole as a datum - 
| feature. Apply a tolerance that defines a parallelism requirement between the holes to .010" whe 
both holes are at MMC. There is more than one acceptable solution. 


Hole #1 = Datum hole 
Hole #2 = Controlled hole 
Hole diameter = .250+.003 
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Name 


45. Complete an interpretation drawing that shows the permitted perpendicularity tolerance zone. 


[1 |.009 [A] 


a 


46. Complete an interpretation drawing that shows the permitted perpendicularity tolerance zone. 


7. 2502-003 
L/D .006 MIA 
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47. A hole size specification and perpendicularity tolerance is shown. Complete the given table to show 
each permitted hole size and show the corresponding allowable perpendicularity tolerances. 


Given hole 


Erna Produced Allowable 
specification hole diameter | perpendicular 
OOA tolerance 
Da 


48. Apply a perpendicularity tolerance that results in a virtual condition of .379” diameter for the pin. 


49. Apply a perpendicularity tolerance that results in a virtual condition of .379” diameter for the hole. 
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Name 


50. Complete an interpretation drawing that shows the permitted angularity tolerance zone. 


Drawing Interpretation 


51. Complete an interpretation drawing that shows the permitted angularity tolerance zone. Show a 
permissible surface condition that lies partially outside the specified tolerance zone. 


Drawing Interpretation 
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52. Complete a feature control frame that controls parallelism of the top surface to .015” relative to 
datum feature A and flatness to .005”. 


HOO OS Ce 


53. Complete a feature control frame that controls perpendicularity of the hole to .012”at MMC relative 
to datum feature A and axis straightness to .004” at MMC. 


n= 
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Position Tolerancing 
Fundamentals 


tre. Ys ù i > EF 
Name AIt c À i a Date Class 


Reading 


Read Chapter 8 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 
vy Complete feature control frames for position tolerances, properly using the diameter symbol, material 

condition modifiers, and datum references. 
v Sketch the proper location and shape for position tolerance zones. 
Y Describe the effect of an MMC, LMC, or RFS modifier on a position tolerance. 
Y Provide examples that prove the validity of the MMC concept as it applies to position tolerances. 
Y Calculate position tolerances for simple fixed and floating fastener conditions. 
y Calculate the allowable bonus tolerance for a produced part on which a position tolerance is specified 
at MMC. 
Use calculation techniques to verify whether produced hole locations meet specified drawing tolerances. 
Cite advantages of position tolerances when compared to coordinate hole location tolerances. 


q< 


Review Exercises 


Place your answers in the spaces provided. Accurately complete any required sketches. Show all 
calculations for problems that require mathematical solutions. 


Multiple Choice 


1. Location dimensions must be _____ if a position tolerance is applied to 
the located feature. 
A. nominal values 
B. limit values 


x toleranced 
Py basic 
Copyright Goodheart-Willcox Co., Inc. 
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2. Application of position tolerances for hole locations requires that datum 
zx be identified on the part. 
A.) features 


=B. planes 
C. axes 
N D. None of the above. 
mA 
f: X 3. The 1982 and later issues of the dimensioning and tolerancing standard 
grọhibit on position tolerances. 
@) implied datums 
B- the use of MMC 
C. Both Aand B. 
[o D. Neither A nor B. 
3 
\ a 4. Rule #2 requires that material condition modifiers be shown on position 
tolerances when ____ applies. 
A. MMC 
=~ LMC 
C.J RES 


D. Either A or B. 


i 5. A position tolerance zone for a round hole is normally in shape. 


Aw, conical 

: B. ) cylindrical 

‘\ . elliptical 

ce D. square 
i 6. The modifier indicates that a position tolerance may increase as a 
Rdle size departs from the minimum permitted diameter. 
(a MMC 

B. LMC 

: C.. ARES 

\ f D. None of the above. 

) 
\ A 7. If two mating parts each have clearance holes through which a bolt is 
“ inserted, a condition exists. 


A least material 

~ floating fastener 
C. maximum material 
D. fixed fastener 


A 8. Fastener and clearance hole are used to calculate position tolerances 
that will achieve fastener installation. 
A. nominal sizes l 
B. maximum size limits 
i “A least material conditions 
a ' / D. /maximum material conditions 
\ 4 ee 
A 


9i Specification of a position tolerance with an MMC modifier results in 
a(n) tolerance when the feature is produced at any allowable size 
other than MMC. 
A. undefined 
‘B-~ bonus 
Co reditieed 
D. None of the above. 
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Name 


4 10. The allowable position tolerance is equal to the sum of the and the 


us tolerance. 
A./ specified tolerance 
. feature size tolerance 


C. specified feature size 


tolerance of .009” diameter at MMC is specified for the hole. What is the 


allowable position tolerance for a hole produced at .386” diameter? 
Ae Oe” 


009" 

Cy 20a" 

“SB. 01S" 
/ 12. A position tolerance referenced to three datum planes requires that all 


: le locations be measured from 
Aj the datum planes 


the datum features 


T D.. actual produced diameter 
ve 11. Specified hole limits of .384” MIN and .394” MAX are given. A position 
eR 


C. one another 
3 D D. with a coordinate measurement machine 
\ 13. ____-shaped position tolerance zones permit the same amount of hole 
acation variation in all directions. 

Round 
B. Square 

7 je C. Rectangular 

\ ) D. None of the above. 


| o 
| baga ) 14. A position tolerance applied to a thread defines the location requirement 


for the diameter when no additional notation is provided. 
D major 
A B. J pitch 
P4 O . minor 
< paee ai 4 
F, \ D. root 
15. AY tolerance zone lies outside the toleranced feature. 


(a projected 
B. position 


AS C. runout 
a D. bonus 
\ 
r As 16. ___ feature control frames may be applied to create a bidirectional 
J _-tslerance on a slotted hole. 
( A.) Two 
\..Bé Composite 
C. Combined 


D. None of the above. 
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17. A position tolerance applied to establish the location tolerance for a slot, 
such as a keyseat, requires that___ of the slot be located within the 
allowable tolerance. 

A. one side 


: d 
re) one en 


= the center plane 
). All of the above. 


True/Faise 


\ 18. True or False? Position tolerances are applied to features of size and 
: bounded features. 


ot 


19. True or False? Every position tolerance specification must include a 
material condition modifier symbol on the tolerance value. 


20. True or False? Beginning with ANSI Y14.5M-1982, implied datums are not 
Nar permitted on position tolerance specifications. 


21. True or False? It is acceptable to show a material boundary modifier on a 
datum reference in a position tolerance specification if the datum feature 


is a feature of size. 
22. True or False? The theoretical true position for a hole defined by a basic 
dimension means there is no position tolerance allowed and the hole 
e a must be perfectly located. 


23. True or False? The allowable size of the position tolerance zone is 
dependent on the amount of hole size departure from MMC if 
— wz no material condition modifier is shown in.the position tolerance 
specification. 


= 24. True or False? An MMC modifier on a position tolerance can permit 
\ greater freedom in how a part is produced. 


25. True or False? T = H -F is a formula that may be used for a floating 
fastener condition in which both holes are the same size and the position 
tolerance applied to each hole is the same value. 


\ 26. True or False? If an MMC modifier is applied to a position tolerance 
on a hole, the allowable position tolerance increases as the hole size is 
a increased. 


4 27. True or False? Functional gages must be used to verify hole positions 
when position tolerances are specified. 


_“ 


| 28. True or False? Position tolerances permit utilization of the full amount 
; of tolerance that is functionally possible for a hole, but coordinate 
tolerances do not. 


29. True or False? Position tolerances are not appropriate or needed when the 
allowable variation is relatively large. 
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b 


? 4 a a 
. 
r. 36. 
Poston 
ave 
A 3 
> | 
38. 


Short Answer 


Silt 


True or False? Square tolerance zones do not permit the same amount 
of permissible hole location variation in all directions relative to the 
nominal position. 


True or False? Bonus tolerances may be utilized when coordinate 
tolerances are applied to hole locations. 


A(n) symbol placed in front of the position tolerance value indicates 
the tolerance zone is round. 


Position tolerance zones are centered on the position defined by 
basic dimensions. 


A hole for a press fit pin would typically have a position tolerance that 
applies at the material condition. 


A large amount of clearance between a hole and fastener permits 
position tolerance than would be possible for a small amount of clearance. 


The use of the material condition results in no allowable change in 
the specified tolerance regardless of the produced feature size. 


Concentric circles superimposed on a grid may be used to represent 
tolerance zone when paper gaging. 


A round tolerance zone has percent more area than a square 
tolerance zone if the effect of bonus tolerances is ignored. 


The letter P inside a circle indicates a requirement for a(n) 
tolerance zone. 


40. Why is it necessary to permit tolerances on the location of features? 


41. Describe one method that may be used to show the number of holes to which a position tolerance 


applies. 
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ec LL LLL A LILA A 


"aed 


-44 


45. 


to. 


Describe one reason why implied datums should not be used, even when working to an old issue ot 
the standard. i : 


\ = ` 5 pn ` ` Mee ie a r 
E =" ss \ gu \ Lan w, i è m 1 i hj \ Ne “ad 
— — zy o 
VOA = s a aa 
ae A Vales WAS a aAA Netty pa 
o . Puta ¢ = we re _ L ' z e 
SS ee ee sagt _—_ i 


List the two general fastener conditions tor which position tolerances may be calculated. 


l ‘en AR 
aisant 


Describe a fixed fastener condition. 


| E 
Yas ot È Nac keg — Low v\ per WE prz 7 bee 


a“ 
What is the formula used to calculate the snl tolerance tora fivet tastener condition? Assume 
even distribution of the allowable tolerance for the two pacts. 


G coordinates specified tor a hole are: X = L375" and Y = 3.250". A hole is produced at \= Last” and 
s 3.2487 What ts the diametet of posittoa y cee tron) ine postien Sw wour Cakes. 


are re — Fag ng) pene 
SS I a | J$] PTE 


Explain why a functionally correct round tolerance zone has a diameter that circumscribes a 
calculated square tolerance zone. 


i Wee ata yaio i 
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Name 


6 48. 


What is the effect on the hole and counterbore when a single position tolerance specification is 
applied to the hole and counterbore callout? 


AltA fb GHA fg 
d & 2 i $ 


f 


r3 


P ¢ 
l; 


And C qhi 


Alé 


49. Explain an advantage of bidirectional position tolerances applied at MMC as compared to plus or 


minus location tolerances on a hole. 
; y l j 
Kea] i de ‘ f 


Application Problems 


All application problems are to be completed using correct dimensioning techniques. Show any 
required calculations. 


50. Identify a basic dimension, a datum feature symbol, and a position tolerance specification. 


® 2X pez 7 Boe 


}@]D 024 WA |B |c | 


Gag 


a Oro 


51. Complete a feature control frame for a position tolerance that is related to primary datum feature A, 
secondary datum feature C, and tertiary datum feature F. The tolerance zone is to be .024” diameter 
regardless of feature size. 


2 
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52. Complete a feature control frame for a position tolerance that is related to primary datum feature D, 
. ° ” z 
secondary datum feature C, and tertiary datum feature G. The tolerance zone is to be .031” diameter 
when the feature is at maximum material condition. 


-o 


53. Draw the shown tolerance specification in an acceptable location that indicates the tolerance applies 
to all four holes. Make the necessary dimensions basic. 


$|% .019 Ola |B IC | 


are ells) 
=2000 


AX OD S375 
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Name 


54. A drawing is given and below the drawing are sketches of two produced parts with surface 
variations exaggerated. Assume the holes are produced exactly on the true positions defined by 
the drawing. Show dimensions on the produced parts to indicate how the location dimensions are 
measured on each of the given parts. Show any datum planes that may be needed. 


+.006 
2X D312 * ng; 


$g -031 Ola [B IC | 
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55. Complete calculations to determine the allowable position tolerance for each of the applications 
shown in the table. Each of the applications is for a floating fastener. Insert your answers in the 
given table. 


ALLOWABLE 
POSITION TOLERANCE 
AT MMC 


SEE GIRIED FASTENER 
HOLE DIA |DIA AT MMC 


22 We OOS 


aA Sar O10 


.282+.004 


56. Complete the given table. All problems are for a floating fastener application. 


ALLOWABLE 
POSITION TOLERANCE 
AT MMC 


HOLE DIA FASTENER 
AT MMC DIA AT MMC 


168 


57. Complete the given table. All problems are for a fixed fastener application. 


CLEARANCE ALLOWABLE 
HOLE DIA So ae POSITION TOLERANCE 
AT MMC AT MMC 


20 250 
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98. Show your calculations. Enter the X and Y variations for each produced hole in the two tables 
provided. Calculate the amount of X and Y variation from true position for each hole and enter 
the variation data in the two tables. Use one or both of the following methods to determine if the 
produced holes are in acceptable locations. 


Solution Method 1. Plot the hole locations on the given grid. Label each hole location with the hole 
identification number. Draw circles to represent tolerance zone diameters. Note each hole location 
as acceptable or unacceptable. Each grid space equals .001”. 


Solution Method 2. Calculate and enter in the given table the bonus tolerance for each hole. 
Calculate and enter in the table the allowable position tolerance for each produced hole. Determine 


by calculation or conversion table the diameter of position variation for each hole and enter the 
value in the table. Enter in the table whether to accept or reject the hole. 


Drawing 


1.09 1:29 


295 


Measured 
Location 


Drawing 
Dimension 


Variation 


Measured 
Location 


Drawing 
Dimension 


Bonus 
Tolerance 


ETE 


ig .012 Ofa [B [e| 


TL 


Plotted coordinate variations and position tolerance zones 


Allowable Measured 
Position Position Accept or 
Tolerance | Variation Reject 
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59, Complete the detail drawings of the two given parts to the extent required to define hole location 
requirements. Hole sizes and fastener sizes are provided. Select and identify datums. Dimension the 
true positions of the holes. Calculate and apply position tolerances that ensure the two parts can be 
assembled. Use projected tolerance zones if needed. The limits of size for the dowel pin are .1876 to 
1878 diameter and may be rounded off to .188 diameter for calculating the position tolerances. The 
bolt should be assumed to have an MMC size of .250 diameter. 


CLEARANCE HOLE 


FOR DOWEL PIN .188 DIAMETER DOWEL PIN 


INTERFACE SURFACES 
ACT AS DATUMS 


PRESS FMT HOLE 
FOR DOWEL PIN 


.250 DIAMETER BOLT 
FLOATING FASTENER 


OOC 
— 000 


F 2X 0.281 
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Name 


Br alle 


2X O 2R] 


OOA 


{T =€ 
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Z iÁ 
n oull aaaaamaaaaaauħŮÁ 


60. Complete the hole specification including a position tolerance of .018” diameter at MMC relative 
to primary datum feature A, secondary datum feature B, and tertiary datum feature C. Apply 


the tolerance specification in such a manner that the tolerance is applicable to both the hole and 
counterbore. 


+.006 
2.339 "999 


LJ @.516+.008 V.328 


"5 
HOH 


61. Redraw the feature control frame to specify a projected tolerance zone that extends .375”. 


$ø .024 0a [B [Cc 
p 


62. Apply a position tolerance on the given slot to permit .045” location variation in the X axis and a 
.015” in the Y axis. 
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Position Tolerancing— 
Expanded Principles, 
Symmetry, and Concentricity 


Name __  ě - Date Class 


Reading 


Read Chapter 9 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 

Explain functional gaging methods for checking hole position tolerances specified at MMC. 

Specify and explain composite position tolerance specifications. 

Explain the effect of using identical datum feature references in multiple position tolerance specifications. 
Specify separate pattern requirements for groups of features not acting as a single pattern. 

Specify position tolerances for in-line holes. 

Specify tolerances to control symmetry. 

Control coaxial features with position or concentricity tolerances, depending on the given application. 


bap Se SE EE SE E 


Review Exercises 


Place your answers in the spaces provided. Show all calculations for problems that require 
mathematical solutions. 


Multiple Ghoice 
a 1. Asingle-segment (single-line) position tolerance specification establishes 
erance zones that have ____ relative to the referenced datums. 
fixed positions 
B. no location requirement 
C. only a fixed orientation 
D. no orientation requirement 
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2. Ina composite position tolerance, the pattern-locating tolerance is 
specified ___ the feature-relating tolerance. 
A, above 
below 
C. either above or below 
NE D. ina separate feature control frame from 


x 


bs 3. The feature-relating tolerance is always than the pattern-locating 
tolerance in a composite position tolerance specification. 
/AX smaller 
larger 
C. equal to or less 
D. equal to or greater 


Z 4. Referencing primary and secondary datum surfaces in the second 
segment (second line) of a composite tolerance specification constrains 
rotational degrees of freedom relative to the datums but does not 
constrain relative to the datums. 

a part verification 


gularity 
anslation 
C . None of the above. 
is created when two position tolerance symbols are shown in a 


oe segment (two line) feature control frame. 
A. valid specification 


~\ position tolerance specification 
C. / composite tolerance specification 
"m ` All of the above 
| A 6. The complexity of a functional gage may be impacted by the number 
= of ! 
A. features being checked 
B. __ tolerance requirements placed on the features 


A C. teferenced datums 
X Åi of the above. 
Joe 


a. % 7. An MMB modifier on a ____ datum feature of size reference always 
iy dat the virtual condition of the datum feature to be used to establish 


datum location. 
primary or secondary 
B. secondary or tertiary 
C. primary or tertiary 
D. All of the above. 


} 8. The primary characteristic on a drawing that determines whether all 
holes belong to one or more patterns is the __ 
a X datum feature references in the position tolerance specifications 
B. 2 grouping of holes 
C. hole size 
D. manner in which hole location dimensions are applied 
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Name 


A 
. e. 9. Coaxial (or in-line) holes when using a position tolerance to specify 


a tolerance that controls the in-line condition. 


Aa ae have the same diameter 
8. /may have different diameters 
C. must have one hole referenced as a datum 
_— D. None of the above. 
4 Pi 
wa 10: tolerances should only be used when it is necessary to control a 


derived median line RFS relative to a datum axis RMB. 
A. Position 
B) Concentricity 
Runout 
D. Composite position 


True/Faise _ 


\ 


\ 11. True or False? Parts inspection may be accomplished by using functional 
gages to check position tolerances that are specified at MMC. 


12. True or False? In composite position tolerances, the feature-relating 


\ 
a tolerance defines allowable feature-to-feature positions. 


13. True or False? The true positions of a feature-relating tolerance zone 
framework must all be within the pattern-locating tolerance zones. 


14. True or False? A feature-relating tolerance zone framework must be 
properly oriented (rotational degree of freedom constrained) relative to 
the primary datum that is referenced in the second line of a composite 

— position tolerance specification. 


\ 15. True or False? If the first set of measurements for a pattern of holes does 


not meet the feature-relating tolerance specification when paper gaging, 
different holes within the pattern may be used to establish a coordinate 


ie system for another set of measurements. 


16. True or False? Two position tolerance symbols may be used in a two 
P segment feature control frame to specify a composite position tolerance. 


4 . . . . . 
17. True or False? A functional gage containing a pin that is sized to the 


virtual condition of a hole automatically checks the hole location and 
an both size limits for the hole. 


| 18. True or False? All references to datum features of size must include the 


maximum material boundary modifier when specifying composite 
position tolerances. 


l 19. True or False? The two gages used to check the pattern-locating tolerance 


and the feature-relating tolerance for a pattern of holes both have the 
same diameter of gage pins. 
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Fill in the Blank 


20. 


Pilk 


22 


23: 


24. 


25: 


26. 


DYE 


Zo. 


297 


30. 


OL 


32. 


oo 


34. 


395. 


True or False? All holes are known to act as a single pattern if the holes 
are the same diameter. 


True or False? A composite position tolerance, instead of concentricity, 
applied to two or more coaxial (in-line) holes must contain at least one 
datum feature reference for the feature-relating tolerance. 


True or False? Position tolerances are typically applied to coaxial holes 
when the main concern is assembly of the parts. 


True or False? Symmetry tolerances should not be applied to any features 
other than hole patterns. 


True or False? Concentricity tolerances may be used to define the allowable 
surface variations of one cylinder relative to a datum axis. 


A segment position tolerance specification made RFS requires all 
hole locations be within position tolerance zones that are all the same size. 


In composite position tolerances, the locating tolerance establishes the 
hole pattern position requirements relative to the datum references frame. 


The segment of a composite position tolerance always specifies the 
pattern-locating tolerance. 


The segment of a composite position tolerance has the same effect 
as a single segment position tolerance specification. 


Paper gaging the feature-relating tolerance fora pattern of holes may be 
accomplished by using one of the holes as the for measurements 
within the pattern. 


A functional gage for verifying hole locations automatically permits 
utilization of any allowable bonus tolerance since gage pins are sized to 
the of the holes being checked. 


An MMB modifier on a primary datum feature reference requires the 
size of the datum feature be used to establish the datum location if 
Rule #1 is applicable to the feature. 


Placing the words under a position tolerance specification results 
in the associated group of holes acting as a separate pattern from any 
other holes or features. 


If two groups of holes are toleranced with composite position tolerances 
that reference different datums, patterns of features are created. 


Symmetry requirements that apply at MMC are specified using the 
symbol. 


Concentricity is always specified with the tolerance applicable of 
feature size. 
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Name 


Short Answer 


36. What requirements apply to the specification of datum features in the second segment of a 
composite position tolerance? 


37. Explain the feature-relating tolerance zone framework requirement for a composite position 


tolerance specification that is applied to a pattern of holes when no datum reference is shown in 
the second segment. 


38. Why are two holes in a hole pattern used to establish a coordinate system when making measurements 
to check the feature-relating tolerances? 


39. What is a functional gage? 


40. What must be accomplished with the datum simulator if the outside diameter of a shaft is referenced 
as a datum feature with no modifier applied to the reference? 
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41. When features are dimensioned and toleranced according to the current standard, what indicates 
that features belong to a single pattern? 


42. Why is it possible to dimension a hole pattern without showing a dimension from the pattern of 
holes to a datum feature when a symmetry position tolerance is specified? 


43. What tolerance types are preferable to concentricity for controlling coaxial features? 


44. If implied datums are used, what is the risk related to how datums might be assumed in machining 
and inspection of the part? 


Application Problems 


All application problems are to be completed using correct dimensioning and tolerancing techniques. 
Show any required calculations. If your work is sketched, adequate care should be taken to make your 
answer easily readable. 


45. Complete a composite position tolerance specification that creates a pattern-locating tolerance of 


036” diameter at MMC relative to datum features A primary, B secondary, and C tertiary, and a 
feature-relating tolerance of .011” diameter at MMC relative to primary datum feature A. 


a 


46. Complete the given tolerance specification and identify the two lines of the feature control frame. 


Ar ele wa 
D.015M) “a 
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Name 


47. The pattern-locating tolerance zone framework and the pattern-locating tolerances are shown on the 
illustrated part. Holes are not shown. Show one possible location of the feature-relating tolerance zone 
framework that does not coincide with the pattern-locating tolerance zone framework. Also show 
the feature-relating tolerance zones. Show one permissible point for the center location of each hole. 


EEE 


es pega ele 
Ø .020 WA 


— 2.000 


Exaggerated pattern-locating 
tolerance zones 
(holes are not shown) 
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——————— eae 
rc ne eee T aaa 


4s. Lhe pattern locating tolerance zone framework and the pattern-locating tolerances are shown on the 
giv “a reat Show one possible location of the feature-relating tolerance zone framework that does 
not coincide with the pattern-locating tolerance zone framework. 


. x 4 Pa 5 CEY "N 
a\ "PRE b Fors S 
N à Px ` ` 

g - È 
ae - —" 
J = -_ we 4 4 

` x > 
` sak Š 


E 
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Name 


49. Complete the steps necessary to prove acceptability or rejection of the given part using paper 
gaging techniques. Fill in the blanks in the table. Plot the position variations on the provided grid. 
Label the concentric circles to indicate allowable position tolerance and corresponding hole sizes. 
Answer the questions in the figure. 


4X D2iGMae ee 


op a 


Drawing 


HOLE—TO—HOLE LOCATION VARIATION 


l 2 
Diameter P. 2D 


X 


Measured 0020 


iG 
Location 
Drawing 
Dimension -500 
Variation 


True position 


Is the given location of the concentric 
circles allowed? 


Is bonus tolerance required to make 
any of the holes acceptable? 


Is the feature-relating tolerance met? 


Hole-to-hole relative positions 
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50. Design a functional gage that checks the hole positions in the given part. Do not ‘si S 
tolerances. Superimpose the gage on the given part where the part is shown with phantom i 


+.005 
4X o O2 OO 


[6] .026 ja |B |c | 


070 =| 
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Name 


51. Calculate the diameter of a pin that establishes the secondary datum for the shown position 


tolerance specifications. 


Ø 1.005.002 


4x B.2661 "On, EQ SPACED 


+.005 
D.188 — 900 


61D .013 WAIBA 
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i i les in 
52. Complete a drawing of the gage(s) needed to verify the feature-relating tolerance for all the holes 
the given part. ¢ 
4X B.406+.002 


DH 059 fa fe IC | 
SIM REQT 


SGE E 
- 


3X J.453+.003 


|B .058@/A [BIC] 
SIM REQT 


NOTE: 
ALL UNTOLERANCED 
DIMENSIONS ARE BASIC 
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Name 


597 Complete a drawing of the gage(s) needed to verify the feature-relating tolerance for all the holes in 
the given part. 


4X Ø.406+.002 


CAOSIORNEN 


NOTE: 
= ALL UNTOLERANCED 
DIMENSIONS ARE BASIC 


i) 


3X G.453+.003 


{2.058 WIA |B |c | 
Ø .038 MIA 
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54. Apply a composite tolerance to permit a .155” plus or minus .001” diameter shaft to pass through 
the holes. The shaft must be located within .025” diameter at MMC relative to datum A primary, 
B secondary, and C tertiary. 


Oh OWA TO 02 


a 


55. Sketch a simple gage that verifies the shown position tolerance. 


> 


1002 


2.386 00] 


4.003 Oe L 
Ø.578 o D 
jø C090 MAN i 
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Name 


® 56. Apply any additional dimensions and tolerances needed to define hole locations that are 
symmetrically located to the slot within a .026” diameter zone when the holes and slot are at MMC. 
Datum A is primary, the slot secondary, and one end of the part tertiary. 


T005 
6X Ø.166_000 


-s 


n å 
q 
2.025 ES 
1.500 526 
a= 
= 
! 
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NOTES 
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Chapter 10 
Runout 


\ 
Name o / \ OSR \ Date Class 


Reading 


Read Chapter 10 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and review exercises 
will make mastery of the objectives easier. After completing the reading assignment and completing the 
review exercises, you will be able to: 

Y Describe the two types of runout tolerances. 

Complete an interpretation drawing showing how each of the runout tolerances is measured. 
Apply both types of runout tolerances on circular features and face surfaces. 

Specify runout tolerances using multiple datum feature references. 

Limit the area of application for a runout tolerance. 


q@<qq¢<« 


Review Exercises 


Place your answers in the spaces provided. Show all calculations for problems that require 
mathematical solutions. 


Multiple Choice 
{2 
e i, runout includes the variation across an entire surface. 
AN Cylindrical 
(B,7 Total 
C. Face surface 
a, D. Circular 
et 2. Circular runout may be measured on any _____ that has circular 
. elements. 
A. cone 
B. cylinder 


flat surface 


A All of the above. 
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3. ~A circular runout symbol has arrows. 
| A) one 
"B. two 
C. either one or two 
None of the above. 


z 


"i N 


~? 4. The material condition that always applies to runout tolerances is ___- 
A. MMC 
4 LMC 
PG) RES 
D D. All of the above. 


5. Runout tolerance specifications must includea __ 
( Ee datum feature reference 
. MMC or LMC modifier 
C. three place decimal tolerance value 
A D. None of the above. 
| 6. Datum reference B-C indicates ` 
&) one datum created by two datum features 
two datums created by two datum features 
C. a primary and secondary datum 
D. asingle datum created by one datum feature that is identified with 


O the letters B and C 


7. A(n) line may be used to indicate a limited area of application for a 
tolerance specification. 
A. object 
B. center 
Cr», phantom 
(DY chain 


True/False 


N 8. True or False? Runout may only occur on a cylindrical surface. 
ca 9. True or False? One runout reading taken at a cross section on a 3.00” long 
— shaft is adequate to verify a circular runout specification for the 3.00” shaft. 
10. True or False? Runout tolerances applied to internal features require 
notations to explain what the specification means. 


11. True or False? One datum reference is all that is ever needed for any 
y runout tolerance specification. 


12. True or False? A runout tolerance may not exceed the size tolerance on the 
controlled feature. 
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Name 


Fill in the Blank 


C gA 
A al aA a, i 
Ad í - 13. Runout is the amount of variation that is allowed relative to an axis 
£ "m of rotation. 
á. 14. When using a dial indicator for inspection of runout, the part must be 
/ on an axis to make the runout measurements. 
$ Tal $ A } Pye (S ; . . . . 
yt ih 15. Two features acting together to establish a single datum axis, such as 
\ A ) |.  _ „A-B, through those features is referred to as datum features. 
tr}. A | f fe Loy 
AA SANE 16. Runout tolerances applied to the outside diameter of a gear blank are 
measured by rotating the workpiece on the datum axis with a 
oe ee against the outside diameter of the gear blank. 
OR | 
wh 17. When both a primary and secondary datum reference are shown in a 
runout tolerance specification, usually the datum features include one 
a. P y 
~~ | | surface and one face (flat) surface. 
18. runout is the variation across an entire surface relative to an axis 
of rotation. 
Short Answer 


19. Explain how a circular runout requirement is checked on a cylindrical feature when using a dial 
indicator. 


He 


, a) ee l a à | À " We G +1. n 
mpi, Coriked DA- MANS ATI, W ACO 
s ' e 
Wy CAAT 


20. Why is a diameter symbol not used in runout tolerance specifications? 


’ 


WC Inde de ypg ilipe c 


v5 i * ” Pa S j 
i kaf t > Fd 7 P F f | 
id) A, i 


ae oien 
é 


v j 
21. What is achieved by the application of a total runout tolerance on a surface that is perpendicular to 
the axis of rotation? 


F: ' we Jiv Ya f 


afi v l } f i j l } ir yy is 7 3 fi fife +3 5 i j s ` 1 /} Ps 


! ' i 
J pj = i j 5 i 
Ih A à fos ze 2 ~ i d - s 
Pi Ea ial uf d f 4 f A C y? T eS, ‘ o : Pi f tL 
j] 
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22. Give one reason why there might be a datum reference such as D-E in a runout tolerance. 


P 7 
- d j f f i ap. f iat 4 
4 
JS \< P t ad, y i 
f ) LOL UA y lS fh 
; M h . - ~~) Í ` - 
"m 1, f x - ~* S A | 


—— 


23. How may a face surface, as a secondary datum reference, be beneficial when a runout tolerance is 
referenced to a primary datum axis? , 


fure 


24. List two geometric shapes other than a cylinder or flat surface that may be controlled with circular 
runout. 


Fi j m ‘ P f pee TIAE. 
+ f wif A 


ie | Ss : | J 
VAASA at ay aaa etn CoWare f uy 


Application Probiems r ¢ 


All application problems are to be completed using correct dimensioning techniques. Show any 
required calculations. 


25. Show two ways to apply a circular runout tolerance specification of .006” on the small diameter 
relative to datum axis A. 


A- v 
E £ 
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Name 


d 26. Sketch a setup and measurement method that may be used to check the runout tolerance. Also show 
the acceptable tolerance zone at multiple locations on the feature. 


Drawing 


27. Complete a feature control frame that specifies a circular runout tolerance of .008” relative to an axis 
established by datum feature C. 


Ka 
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: 30 show 
28. Sketch a setup and measurement method that may be used to check the runout tolerance. Also sh 
the acceptable tolerance zone at multiple locations on the feature. ¢ 


Drawing 


29. Apply the necessary symbology to control the circular runout of the .375” diameter to a value of .006” 
relative to an axis established by the two .250” diameter bearing surfaces. 


D.250 D.250 Ø.375 
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Name 


30. Sketch a setup and measurement method that may be used to check the runout tolerances. Also 
show the acceptable tolerance measurements. 


ZA .009 [A=B] 


TE 


A ATA 
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31. Sketch a setup and measurement method that may be used to check the runout tolerance. Also show 
the acceptable tolerance measurements. 


| 27] .008 [A-B] 
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Chapter 11 
® Profile 


Date __ Class 


Reading 


Read Chapter 11 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


A combination of activities is required to achieve the following objectives. Completing the reading 
assignment and the following review exercises is an important part of achieving the objectives. 
Familiarization with the objectives prior to completion of the reading assignment and completing the 

te review exercises after reading will make mastery of the objectives easier. After completing the reading 
assignment and completing the review exercises, you will be able to: 
v Define line and surface profile tolerances. 
v Apply profile tolerances to define allowable variation within a limited zone on a feature or for all of 
a feature. 
Apply profile tolerances to extend all around the profile shown in a drawing view. 
Complete profile tolerance specifications to achieve any of the possible levels of control. 
Sketch the tolerance zone created by profile tolerance specifications. 
Specify coplanarity requirements using profile tolerances. 
Identify profile tolerances as the means for specifying allowable variation for conical surface form, 
orientation, and location. 
Draw a composite profile tolerance specification. 


LEE SE SE E 


4 


Review Exercises 


Place your answers in the spaces provided. Show all calculations for problems that require 
mathematical solutions. 


Multiple Choice 


a 1. Only the _____ is different between the format of a line profile and a 
: surface profile feature control frame. 
A. datum referencing method 
aT B. use of basic dimensions 
7€... all around symbol usage 
( D.) tolerance symbol 
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2. Ifa profile tolerance , the profile tolerance does not control the 
location or orientation of the toleranced surface. 
A. isa line profile control 

B. isa surface profile control 


Cy does not include datum feature references 
“ All of the above. 


3. Profile of a line is similar to___ tolerances since individual line elements 
are controlled separately. 
A. straightness 
B. flatness 
C) perpendicularity 
“D. angularity 


4. A profile tolerance may be applied to less than a whole surface by defining 
and referencing ___ 
Ax limits of size 
Q ! limits of application 
C.\ dual requirements 


(Dy) datums 


5. Unless indicated otherwise, profile tolerances are assumed to be _____ 
AQ) unilateral 
BJ equally disposed bilateral 
“=C. all around 
D. unequally disposed 


6. Unidirectional (unequally disposed) profile tolerances may be applied to 
control __ 
A. form 
B. form and orientation 

=. form, orientation, and size 


} 


D.2 All of the above. 


7. Datum feature references are included in a profile tolerance where ___ 
is to be controlled. 
A. form 
B. size and form 
=> form, orientation, and location 
~ None of the above. 


8. A basic dimension is used to locate a feature controlled by a profile 
tolerance where is to be controlled. 


È form 

3. form and size 
C. position 

D. Either B or C. 


9. Jo,control form only, datum feature reference(s) must be used. 


(A/ no 
B. one 
C. two 
D. three 
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Name 


\ 
Cnn 10. A profile tolerance may be specified not to extend across an entire feature 


Z indicatinga ___ . 
E limited extent of application 
drawing the tolerance zone 
C. drawing a line to one side of the basic profile 


P~ D. None of the above. 


aaa 11. A surface profile tolerance applied to a cone should include to 


establish location, orientation, form, and size requirements. 
A. no datum feature references 
B. no basic location dimensions 
» neither datum feature references or basic location dimensions 
(0) datum feature references and basic location dimensions 


True/False 
Soe 
a 12. True or False? Profile tolerances are always specified with the MMC 
\ modifier. 
J 13. True or False? A curved surface must be defined by basic dimensions 


when a profile tolerance is applied to the surface. 


14. True or False? Surface profile may only be used to control the form of a 
curved surface. 


15. True or False? Even when an all around symbol is used, profile tolerances 
do not extend past abrupt changes in direction. 


Aa 


16. True or False? There is no number shown following the unequally 
disposed symbol if the entire profile tolerance zone goes inside the 


pe material relative to the basic profile of the surface. 
\ 
17. True or False? When used, unequally disposed profile tolerances must be 
= applied to permit a plus size tolerance rather than a minus size tolerance. 
18.» True or False? A feature controlled by a profile A may be located 
cee by a basic dimension and when basic location dimensions are shown the 
iN profile tolerance must include appropriate datum feature réferences. 


19. True or False? A composite profile tolerance may be used to specify a 
small tolerance for form of a surface and a large tolerance for the form, 
po i A orientation, and location relative to one or more datums. 


20. True or False? One method of specifying coplanarity of multiple flat 
surfaces is to apply a flatness tolerance. 
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=jllin the Blank 


4 y i 
| mE a 


21, There area least’} “ * segments in a composite profile tolerance. 


22. ___ profile tolerance may be applied to a surface, but it only controls 
individual line elements on the surface. 


[Ade TPA 23. Profile tolerances apply along the entire surface to which they are applied, 
' fees 
i and typically the limits of the surface are defined by changes in 
direction. 


In past practices and today as an alternate practice a(n) line is 
drawn to one side of a feature outline to indicate that a profile tolerance 
is unilateral. 


Apt JV 25. Whether or not are shown in a feature control frame establishes 


whether the profile tolerance controls only form or if it controls form, 
orientation, and location. 


26. No is shown in a profile tolerance specification when controlling 
form only. 
27. Dimensions that define the shape of a surface must be if a profile 


tolerance is applied. 


Short Answer 


28. Profile tolerances are Bias attached to a controlled surface i in what manner? 


—_ of Ve 
> 


29. How Bu a profile tolerance that applies all the way around a feature profile be indicated? 
a r a fie _tokravee 
D pt Cot-ed thre Cice 
ot te any ei 
30. Describe an maT disposed profile tolerance and how it is applied on a drawing. 
negull oed 4oleamwe Wat is enki 
ide O Ugi \2 is 


Uni lakeval Plorire OMe. 
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7A wae 
Name {| ` 


a ail, 


Explain the impact of applying a basic dimension for the location of a surface that has a profile 
tolerance including datum feature references in the feature control frame. 


! 1 


ta 
! 


32. Place an X by each characteristic that affects the required level of control on a feature. 
_£\ Line or surface profile symbol 
X— Datum feature references 
_ Total area of the controlled surface 


X Basic location dimensions 


i Curved or flat surface 


33. How can a coplanarity requirement for multiple flat surfaces be specified? 
F 1 t s N A) 
5 LA Shale av + f p LAY £ {yA + Orie 


Application Problems 


All application problems are to be completed using correct dimensioning techniques. Show any 
required calculations. 


34. Apply a line profile tolerance that only controls the form of the curved surface within a boundary 
.025” wide. 
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35. Show the tolerance zone created by each of the given tolerance specifications. Superimpose the 
tolerance zone on the given drawing. ¢ 


{Ara 


/ 


(c) 


36. Complete the drawing to the extent necessary to control the surface profile all around the perimeter 
of the part within a boundary .040” wide. Indicate basic dimensions where they are needed. 


13365 7 - 250 
R.450 
R.638 
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Name 


37. Control the surface profile of the given slot all around within an unequally disposed zone .015” to 
the inside of the material (reduces the material). Also, control both location and orientation of the 
profile tolerance zone to three datums. Indicate basic dimensions where they are needed. 


— og 


638 —| oo = 7 300 


SATRI 2S 


38. Show the tolerance zone for the given slot. Superimpose the tolerance zone on the given drawing. 
3 Dimension the width of the slot and the offset from the true profile. 


Eo EE] 
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39, Control the form and size of the punched hole within a surface profile of .010”. Use position at 


MMC to specify a location tolerance of .020”. Identify and use datum features as needed. Indicate 
basic dimensions as needed. 


O 1.000 


4X R.062 


40. Require flat and coplanar bosses within an .008” tolerance zone. Allow location and parallelism 
within +.015” relative to the bottom surface. Use composite profile to specify the requirements. 


1.000 
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Name 


41. Require flat and coplanar bosses that are located within an .008” tolerance zone. Require the zone to 
be centered 1.000” from datum A and parallel to datum A. 


1.000 


1 42. Specify a tolerance zone that controls the cone surface size, form, orientation, and location relative 
to datum axis A and datum plane B within a boundary that is .018”. 
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43. Apply a composite profile tolerance to control coplanarity to within .005” and location and 
parallelism to datum A within .025”. Apply basic dimensions where needed. 


— 


1250 
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Practical 
Applications and 
Calculation Methods 


Name Date Class 


Reading 


Read Chapter 12 of the GD&T: Application and Interpretation textbook prior to completing the review 
exercises. 


Objectives 


SSS a SS Se —— 
A combination of activities is required to achieve the following objectives. Completing the reading 

assignment and the following review exercises is an important part of achieving the objectives. 

Familiarization with the objectives prior to completion of the reading assignment and review exercises 

will make mastery of the objectives easier. After completing the reading assignment and completing the 

review exercises, you will be able to: 

y Calculate position tolerances when more than two parts are stacked in a floating fastener or fixed 

fastener application. 

Distribute the total available position tolerance between features to which position tolerances are applied. 

Specify projected tolerance zones for fixed feature locations to prevent interference conditions. 

Determine the amount of tolerance accumulation in a simple assembly. 

Properly use zero position tolerances at MMC to increase manufacturing freedom. 

Apply paper gaging techniques to determine if a produced part meets drawing requirements. 

Explain allowable position tolerance effects resulting from datum references at MMB. 


qaqddqdd< 


Review Exercises 


Place your answers in the spaces provided. Show all calculations for problems that require 
mathematical solutions. 


Multiple Choice 


1. If edges of stacked parts in a floating fastener condition must align, then 
the edges are referenced as in the tolerance specification. 

origins 

datum features 

primary surfaces 

mated surfaces 


IOs > 
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When using the formula T = H -F to calculate one position tolerance 
value for both parts in a floating fastener condition, the holes 
A. must be the same specified size 

B. may be different specified sizes 

C. must be smaller than the value used for H 

D. None of the above. 


To increase the allowable amount of tolerance, what can be specified 
when alignment of datum features is not required? 

A. Specify a composite position tolerance. 

B. Specify a bonus tolerance. 

C. Specify a large pattern-locating tolerance. 

D. Both Aand C. 


In a floating fastener application, the correct amount of position 
tolerance for a .190” diameter bolt and .228” MMC diameter hole is 


— AOR 

A. .014 

B. .019 

Co 0268 

D. .038 

Two of three stacked parts must have ____in a fixed fastener condition. 
A. threads 


B. press fit sizes 
C. clearance holes 
D. None of the above. 


The allowable position tolerance that may be applied to each part in 
a fixed fastener application is___ inch if the clearance hole is .282” 
diameter MMC and a .250” diameter bolt is used. 

A. .014 

B. .016 

C.. 028 

D. #62 


Generally, a threaded hole is given ____ the clearance hole to improve 
producibility. 

A. more position tolerance than 

B. the same position tolerance as 

C. less position tolerance than 

D. None of the above. 


A projected tolerance zone is indicated by a(n)__. 
A. letter P inside a circle 

B. arrow pointing to the outside of the part 

C. note under the feature control frame 

D. All of the above. 


A projected tolerance zone is typically specified to extend a distance 
equal tothe __. 

A. fastener length 

B. length of the fixed segment of the fixed fastener 

C. clearance feature length 

D. fastener diameter 
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Name 


10. A hole size specification of .210” minimum and .216” maximum diameter 
has a position tolerance specification of .020” diameter MMC. A .190” 
diameter floating fastener passes through the hole. If the hole is produced 
at .208” diameter and has a position variation of .012” diameter, what 
should be done? 

A. Accept the part since it meets the specification. 

B. Accept the part since it is functional. 

C. Reject the part and throw it away. 

D. Rework the part to make the hole an acceptable diameter. 


11. Fora floating fastener application, a hole size specification of .385” 
minimum and .395” maximum diameter has a position tolerance 
specification of .010” diameter MMC. If the position tolerance is changed 


to .000” diameter MMC, a minimum hole diameter of _____ inch must 
be specified with the maximum size limit remaining .395”. 

AS 9375 

B.  .380 

C 385 

D. .390 


12. Concentric circles used to paper gage a feature-relating tolerance 
requirement relative to the graph origin. 
A. must be centered 
B. are free to float 
C. are offset a distance equal to the location of the nearest hole 
D. None of the above. 


13. Ifa single segment tolerance specification is applied to a single flat 
surface and does not include any datum references, the tolerance is 
either 
A. form or runout 
B. form or orientation 
C. form or profile 
D. profile or orientation 


14. A single feature may require a maximum of _____ level(s) of control, each 
specified in a separate feature control frame. 
A. no 
B. one 
C. two 
D. None of the above. 


15. A flat surface may have a perpendicularity tolerance of .017” applied to 


it and also havea ____ tolerance of .008” applied to further refine the 
surface form. 

A. flatness 

B. parallelism 

C. position 

D. circularity 
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Ps {| Å- - 
Irue/ralse 


Fill in the Blank 


16. 


17, 


18. 


19: 


2o 


21. 


22, 


ZS, 


24. 


25 


26. 


Daly 


28. 


297 


True or False? A floating fastener condition exists only when a maximum 
of two stacked parts have clearance holes through which a fastener passes. 


True or False? If the clearance holes in mating parts are the same size, 
different position tolerance values may be applied on each hole. 


True or False? If one part is purchased with hole position tolerances 
already specified by the manufacturer, it is not possible to calculate 
position tolerances for the mating parts. 


True or False? A projected tolerance zone extends the full length of the 
controlled feature plus a projected distance outside the feature. 


True or False? A specified zero position tolerance at MMC is an error since 
perfect position is seldom, if ever, achieved. 


True or False? Even if a part is functionally adequate, the part must be 
rejected, reworked, or accepted by special procedures if it does not meet 
drawing requirements. 


True or False? Paper gaging should only be used for position tolerances 
specified with the MMC modifier. 


True or False? Zero position tolerances should not be specified without a 
material condition modifier. 


True or False? Paper gaging of the feature-relating tolerance in a 
composite position tolerance specification may be completed by plotting 
the hole-to-hole measurements without concern for the hole locations 
relative to any datums. 


Show the formula used to calculate floating fastener condition 
dimensions for two parts that must have aligned surfaces. 


Complete the formula used to calculate unevenly distributed tolerances 
when both holes are the same specified size. T, + T, = — 2F. 


What is the formula for calculating distributed tolerances in a floating 
fastener application in which two hole sizes are specified? 


When three or more parts are stacked in a fixed fastener condition, 
tolerances are calculated considering parts at a time if the clearance 
holes are different diameters. 


Evenly distributed position tolerances for a fixed fastener condition are 
calculated using what formula? 
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30. The total available position tolerance for a fixed fastener condition may 
be distributed between two parts using what formula? 


A tolerance zone controls the location outside of the feature. 


A correctly specified zero position tolerance at results in all 
functionally good parts being acceptable. 


33. A specified hole diameter of .163” minimum and .168” maximum has a 
specified position tolerance of .025” diameter at LMC. A produced hole of 
.165” diameter has an allowable position tolerance of inch diameter. 


Short Answer 


34. If three stacked parts all have the same diameter clearance holes, how are position tolerances for the 
holes calculated? 


35; If the total allowable position tolerance for a fixed fastener application is .022”, what would be wrong 
with applying .020” diameter tolerance on one part and .002” diameter tolerance on the other part? 


36. Describe a fixed fastener condition. 


37. Why is the manufacturing process considered when distributing tolerances between two parts ina 
fixed fastener condition? 
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38. Why is it sometimes necessary to show the direction that a projected tolerance zone extends? 


39. A hole for a .250” diameter bolt is specified to have a .260” minimum and .268” maximum diameter 
with a position tolerance of .010” diameter at MMC. What may be done to the hole size and 
tolerance specifications to maximize manufacturing freedom? 


Application Problems 


All application problems are to be completed using correct dimensioning techniques. Show any 
required calculations. 


40. Complete a composite position tolerance that may be applied to the pattern of holes in each part. 
Bolts measuring .250” diameter pass through the holes. The datum features on the part may be 


misaligned by .030”. 


D250 BOLT 


03 
Allowable 
Mismatch 


FEATURE B 
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Name 


o 41. Apply the maximum allowable position tolerance specification on the untoleranced hole. A .375” 
diameter bolt passes through the holes. 


+.006 
Ø -589 _ 000 


|g .016 la |B |c] 
L [Ø .014 0A 


PART #1 


PART #2 


+.006 
Ø 389 000 


eg | 
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42. An assembly drawing is given. Draw one view of each part that shows the hole patterns. eae 
the hole pattern and apply tolerances for a fixed fastener condition with a .250” diameter bolt an 
clearance holes .292” at MMC. 


.000 
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Name 
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43. Calculate and apply position tolerances for the two given parts. Apply 66% of the total tolerance on 
the threaded holes. 7 


+.006 
2X 9.413 L002 


KALZ WIA |B IC 


2X .375—-24UNF—3B V.62 MIN 


$Ø WM ©.S56/A|B IC 


44. Show the tolerance zones for the given holes. 


PS 130 — 32a SB 
v.50 MIN 


$ø .022 M®.250[A |B [C 
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Name 


Ə 45. What is the correct projected distance for a position tolerance applied to the threaded hole? Why is 
that distance the correct one? 


.250—20UNC—2B 


46. Apply a size tolerance of +.030” for the given dimension. Require the top surface to be parallel to 
datum A within .020” and flat within .009”. 


1.750 
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47. Calculate the allowable specified position tolerance for the specified clearance hole on the shown 
plate. Assume datums are selected to minimize tolerance stackup. 


2x 0.182 ue 
ẹlø  @AlBIc] 


COVER #1 .138—32UNF—-3B 


$]ø .018 WA [B [c | 


PANEL #2 


AE a A 


: 


PANEL #1 SPACER #1 
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Spotface 


Straightness É Circularity 


1.5X 


Perpendicularity Angularity 


Orientation 


| M 
P H a 


Symmetry Concentricity 


Location 


ml 
15x] <4 rsx] ( AT 


Translation 


Modifier 


Miscellaneous 


Statistical Ae Continous Ae 


Countersink Origin 
2x 


Conical taper 


60 
Cylindricity 


Surface profile è j 


Profile 


Line profile 


Circular runout 


Runout 


TE E ar 


Teel 


Between 


TOLERANCING SYMBOLS 
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